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Hvbrid Phthalocyanine Derivatives And Their Uses 

REFERENCE TO RELATED APPLICATIONS AND PATENTS 

This application is a continuation in part of App . 
Ser. No. 08/274,534 filed July 12, 1994 and of App. Ser. No. 
08/138,708 filed October 18, 1993, and of App. Ser. 

No. 08/126, 367 filed September 24, 1993, and of App. Ser. No. 
08/311,098 filed September 23, 1994, and of App. Ser. No. 

08/ 409,825, filed March 23, 1995, from each of which priority 
is claimed. All of these applications are hereby fully 
incorporated by reference herein. 

TECHNICAL FIELD 

This invention relates generally to the synthesis 
of novel dyes and labels and methods for the detection or 
visualization of analytes and more specifically to fluo- 
rescent latex particles which incorporate the novel 
fluorescent dyes and utilize, in certain aspects, fluores- 
cence energy transfer and intramolecular energy transfer, 
for the detection of analytes in immunoassays or in nucleic 
acid assays . 

BACKGROUND ART 

Various methodologies are available for the visual- 
ization of cells or molecules in cells and for the 
measurement of analyte concentrations in fluids. Fluores- 
cence microscopy utilizes fluorescent dyes, generally 
connected to specific probes, such as antibodies, for the 
localization of proteins and complexes in cells. For the 
measurement of analyte concentrations, immunoassays have 
become popular over the last 40 years because of the 
specificity of antibodies toward the analyte or target 
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ligand. Radioimmunoassays were developed because the high 
specific activity of the radionucleotide allowed measurement 
of very low concentrations of analyte. However, because of 
the concerns for the environment and human health, the use of 
radionucleotides in immunoassays is becoming less popular. 

The use of enzymes in immunoassays to amplify a signal has 
been a very important advance in the field of immunoassays 
because their use does not involve environmental or human 
health hazards or risks. Enzyme- linked immunoassays, 
however, can be problematic because the activity of the 
enzyme is temperature dependent and the instability of the 
enzyme or the substrates can result in inaccurate 
quantitation of the target ligand. Still other immunoassays 
monitor fluorescence as the signal, with or without enzymes, 
for the measurement of analyte concentrations. 

The characteristics of the fluorescent dyes are 
very important when quantifying analyte concentrations in 
biological fluids. For example, when the biological fluid is 
blood, serum or plasma, the intrinsic fluorescence of the 
fluid precludes the use of many dyes. These biological 
fluids generally have fluorescence emissions up to 600 nm 
when exciting at various wavelengths above 200 nm. The 
fluorescence is generated by excitation of the dye at the 
appropriate wavelength. The fluorescent signal is measured 
by a fluorometer which is tuned to excite the fluorescent 
molecule at a specific wavelength and to measure the emission 
of fluorescence at another wavelength. The difference in the 
excitation and emission wavelengths is referred to as the 
Stokes shift. To achieve the most sensitive measurement, the 
emission wavelength of the sample should not interfere with 
the emission of the dye. Also, the Stokes shift should be as 
large as possible so that the excitation light is not seen by 
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the detector as a background signal. When the Stokes shift 
is not large, filters or monochromators can be utilized in 
the fluorometer to exclude light near the emission 
wavelength; however, the use of filters decreases the yield 
pf light reaching the detector and generally one circumvents 
this problem of light loss by the use of high intensity 
lamps. Thus, to avoid problems associated with small Stokes 
shifts and dyes which emit near the intrinsic emission of the 
biological fluid, a sophisticated instrument is generally 
built. With the advent of near-patient diagnostics in 
hospitals, there is a need for portable, simple fluorometers 
which can assess fluorescence in an immunoassay for the 
detection of analytes in biological samples. 

Another problem associated with the assay of 
analytes in fluids or the visualization of cellular 
components with an intrinsic fluorescence is that of 
selection of the dye which is utilized as the label. The dye 
is generally chosen for its brightness (the product of 
fluorescence quantum yield and extinction coefficient) since 
® certain sensitivity in the assay or the visualization 
technique is required. However, the selection of the dye 
used as the label is limited when the sample has an intrinsic 
fluorescence because the instrument may not be capable of 
distinguishing sample fluorescence from dye fluorescence. 

The current invention provides a methodology for 
the development of amplified fluorescent label systems which 
can be tuned to specific excitation and emission wavelengths. 
The methodology teaches improved methods for incorporation of 
dyes into particles to minimize fluorescence quenching and to 
maximize fluorescence intensities of the dye molecules in the 
particles. In addition, the design and synthesis of novel 
hybrid phthalocyanine derivatives are described which are 



incorporated into particles or are synthesized as water- 
soluble molecules for use as labels and are directly coupled 
to proteins, polypeptides, other labels, nucleic acids and 
the like. The novel dye systems can be utilized for the 
quantitation of analytes in fluids, and in particular, in 
biological fluids. The novel dye systems can be tuned to 
specific exciting and emitting wavelengths so that low 
current sources, such as light emitting diodes and laser 
diodes, and detectors, such as photo diodes, and the like, 
can be used in the manufacture of fluorometers which can be 
battery powered and portable, for use, for example, in 
immunoassays dedicated to near-patient diagnostics. 

DISCLOSURE OF THE INVENTION 

This invention relates to novel fluorescent 
particles and novel water soluble fluorescent dyes. These 
novel particles and dyes can be tuned to specific excitation 
and emission wavelengths to accommodate a wide variety of 
assay or visualization systems. In yet another aspect of the 
invention, the methodology teaches improved methods for 
incorporation of dyes into particles to minimize fluorescence 
quenching and to maximize fluorescence intensities of the dye 
molecules in the particles through the use of different dye 
molecules which possess the same or very similar excitation 
and emission wavelengths. 

Many novel phthalocyanine derivatives and hybrid 
phthalocyanine derivatives are disclosed and claimed. In one 
embodiment microparticles are disclosed having at least one 
hybrid phthalocyanine derivative, said derivative (s) having 
(1) at least one donor subunit with a desired excitation 
peak; and (2) at least one acceptor subunit with a desired 
emission peak, wherein said derivative (s) is/are capable of 
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intramolecular energy transfer from said donor subunit to 
said acceptor subunit. 

In another embodiment, water soluble hybrid 
phthalocyanine derivatives are disclosed having (1) at least 
one donor subunit with a desired excitation peak; and (2) at 
least one acceptor subunit with a desired emission peak, 
wherein said derivative (s) is/are capable of intramolecular 
energy transfer from said donor subunit to said acceptor 
subunit. Such derivatives also may contain an electron 
transfer subunit. Axial ligands may be covalently bound to 
the metals contained in the hybrid phthalocyanine 
derivatives. The axial ligands of the dyes can be further 
elaborated with drug analogues and compounds, proteins, 
polypeptides and nucleic acids. Numerous compounds capable 
of intramolecular energy transfer as well as compounds for 
fluorescence energy transfer are claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 depicts the structures of phthalocyanine, 
naphthalocyanine and anthranylocyanine . 

Fig. 2 depicts the structures of silicon 
phthalocyanine, silicon naphthalocyanine and silicon 
anthranylocyanine . 

Fig. 3 depicts the spectra of silicon 
phthalocyanine dihydroxide and the spectra of silicon 2,3- 
naphthalocyanine dihydroxide . 

Fig. 4 depicts the general structure of ethenyl- 
substituted dipyrrometheneboron difluoro dyes. 

Fig. 5 depicts the attenuation of the background 
signal as a function of increasing wavelength. The data was 
measured using a device as described in Applicant's allowed 
Ser. No. 07/887,526 filed May 21, 1992 entitled "Diagnostic 
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Devices and Apparatus for the Controlled Movements of 
Reagents Without Membranes," which is hereby fully 
incorporated herein . 

Fig, 6 depicts naphthalocyanine derivatives which 
emit in the near infrared. 

Fig. 7 depicts general structures of fluorescent 
energy transfer naphthalocyanine compounds. 

Fig. 8 depicts the absorbance spectrum of human 
serum between 200 nm and 1000 nm. 

Fig. 9 depicts the structure of a novel hybrid 
phthalocyanine derivative, Silicon [di (1, 6-diphenylnaphthalo 
cyanine)] diphthalocyanine bis (dimethylhexylvinylsilyloxide) 

Fig. 10 depicts the spectrum of Silicon [di(l, 6- 
diphenylnaphthalocyanine) ] diphthalocyanine bis (dimethyl - 
hexylvinylsilyloxide) . 

MODES FOR CA RRYING OUT THE IWVRNTTDW 

This invention describes novel fluorescent 
particles and novel fluorescent molecules and diagnostic 
methods for their use. Developing a method for the 
visualization of a cellular component or a cell or for an 
assay which utilizes a fluorescent dye and which quantifies 
an analyte in a sample requires the use of a fluorometer. 

^"ke fluorescent label, the sample and the instrument must be 
compatible with each other to achieve an accurate measure- 
ment. Several criteria for a fluorescent label as they 
relate to the sample and instrument are described below. 

, the absorption or excitation and emission wavelengths 
of the dye should not correspond so closely to the absorption 
or fluorescence of the specimen or sample such that the 
sample affects the fluorescence measurement of the dye. 
Second, the Stokes shift of the dye should be as large as 
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possible to minimize the measurement of background from the 
excitation wavelength. Third, the dye must be compatible 
with the phase of the visualization or the fluid phase of the 
assay; that is, the dye must be water soluble or water 
insoluble depending on the visualization or assay format. 
Fourth, the dye should be as bright as is necessary to 
achieve the desired sensitivity. Brightness is the product 
of the extinction coefficient and the quantum yield of the 
dye. Fifth, the instrument used to detect the fluorescent 

generally designed around the specifications of the 
dye and the specimen or sample being visualized or assayed. 

These points will be discussed in more detail and 
illustrate some of the intricacies in developing a 
fluorescent visualization technique or an assay using 
fluorescent dyes. One is limited either to dyes which have 
been synthesized or ones which must be synthesized in order 
to meet the above criteria. Using prior art methods, a very 
limited range of excitation and emission wavelengths can be 
planned for a specific molecule. The teachings of this 
invention allow one to prepare fluorescent dyes and labels 
which can be tuned to many excitation and emission 
wavelengths allowing for large Stokes shifts. Thus, 
designing a dye system with the specifications of the sample 
or specimen and the instrument is possible from the teachings 

of this invention, as opposed to the prior art methods which 

♦ 

involve designing' the instrument around the specifications of 
the dye. Tuning the dye system to accommodate the 
characteristics of the sample and the instrument results in 
an improved visualization process for the assay. 

The excitation and emission wavelengths of! the dye * 
should not correspond to those of the sample being assayed or 
visualized, otherwise the sample can interfere with the 
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measurement of the fluorescent signal. When absorption or 
emission wavelengths of the sample do correspond to those of 
the dye, in practice, one dilutes, for example, a serum or 
blood sample so that the interference by the sample is 
reduced or the interfering sample is washed away from the 
detection area. Indeed, currently, there is no fluorescent 
assay system on the market for the measurement of analytes in 
neat biological fluids, particularly blood, plasma or serum. 
One reason for the lack of fluorescent assay systems which 
detect analytes in neat samples is that no good fluorescent 
dye exists which meets all the criteria listed above, 
particularly for measuring fluorescence in biological 
samples. When the sample absorbs significantly at the 
excitation wavelength the amount of light which excites the 
sample is thus affected by the variation in the sample 
characteristics. For example, serum, plasma, or blood from 
different individuals will be different in their relative 
absorptivities, which differences translate into different 
intensities of excitation light used to excite the 
f luorescent label. The fluorescence emission of the dye is 
directly proportional to the intensity of the incident light, 
such that when the sample absorbs a portion of the incident 
light, the intensity of the fluorescent signal will vary 
accordingly. This results in measuring an incorrect or 
effected fluorescence emission. In addition, the emission 
wavelength of the dye should not correlate with the emission 
or absorbance of the sample because the sample will increase 
the measured fluorescence of the dye or the sample will 
absorb all or a portion of the dye fluorescence and also 
result in an incorrect or effected fluorescence emission. 
These problems are avoided when the sample is invisible to 
the excitation and emission wavelengths. 
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Figure 8 shows the spectrum between 200 nm and 1000 
nm of human serum. Wavelengths above 600 nm absorb 
considerably less than those between 200 nm and 600 nm. 

Thus, both the absorption of the incident light and the 
effect on the fluorescence of a dye are minimal when exciting 
above 600 nm. Preferred excitation wavelengths for 
biological fluids, including urine, blood, serum or plasma is 
600 nm or greater. Particularly preferred excitation 
wavelengths above 600 nm are those which correspond to the 
maximum light output of laser diodes and light emitting 
diodes. Preferred emission wavelengths are those above 600 
nm. The intrinsic sample fluorescence can cause a high 
background signal if the emission wavelength of the dye and 
the sample are overlapping. In addition, the scattered light 
of the excitation source can also contribute to the 
background signal . The contribution of scattered light to 
the background can be seen, for example, in Figure 5. In 
general, the magnitude of the scatter is inversely 
proportional to the fourth power of the measured wavelength. 
This teaches that desired emission wavelengths are in the 
near- inf rared or in the infrared region of the spectrum. The 
inventive teachings described herein provide for dyes and dye 
systems which excite above 600 nm and which emit above 650 nm 
and more preferred, above 730 nm. 

The Stokes shift of the dye should be as large as 
possible to minimize the measurement of background from the 
excitation source so that the signal- to-background ratio at 
the limit of sensitivity is maximized. A large Stokes shift, 
however, will only maximize the efficiency of the 
fluorescence measurement and may not always result in an 
accurate fluorescence measurement. For example, table 3 
shows data from several dye systems which were excited 
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between 420 nm and 670 nm in either buffer, undiluted human 
serum and blood. The fluorescence intensity of the first dye 
system (line 1, table 1) , when excited at 475 nm in serum and 
blood, is only 7.6% and 13%, respectively, of the intensity 
in buffer even though the Stokes shift is 205 nm. The second 
dye system (line 4, table 1), excited at 420 nm, is 28% and 
4% in serum and blood of the intensity in buffer, 
respectively, with a 260 nm Stokes shift. The third and 
fourth dye systems (line 60 and line 59, table 1) , excited at 
670 nm and 650 nm and with 110 nm and 130 nm Stokes shifts, 
respectively, have fluorescence intensities which are 
comparable in buffer and in serum. The fifth dye system 
(line 107, table 1) , excited at 670 nm with a 90 nm Stokes 
shift, has fluorescence intensities which are also comparable 
in buffer, serum and blood. The sixth dye system, which is a 
hybrid phthalocyanine derivative (line 1, table 2), has 
comparable fluorescence intensities in buffer, serum and 
blood when excited at 646 nm with a Stokes shift of 114 nm. 

The data show that the fluorescence intensity is greatly 
affected when the excitation wavelength is within the range 
of the absorbance of the sample in which the measurement is 
made. The data also show that the magnitude of the Stokes 
shift does not have an influence on the accuracy of the 
measurement. These data are representative of other dyes and 
dye systems which are excited at a wavelength where the 
sample absorbs . The effect of the decreased fluorescence 
emission is not a result of the emission wavelength (that is, 
680 nm or 780 nm) because the samples absorb minimally at 680 
nm and 780 nm. One skilled in the art can appreciate, that 
with the inventive teachings described herein, the 
wavelengths for excitation and emission of a dye system 
should be a function more of the absorption and emission 
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characteristics of the sample rather than selecting only a 
dye system with a large Stokes shift. 

The availability of dyes with Stokes shifts greater 
than 100 nm is greatly limited, particularly when the 
excitation wavelength is greater than 600 nm. To further 
limit the usefulness of available dyes, the solubility of the 
dyes in aqueous samples can be a problem because most dyes 
with large Stokes shifts are water insoluble. 

The problem of a dye possessing a small Stokes 
shift is usually overcome in the engineering of the 
fluorometer by the use of monochromators or expensive optics 
which filter out the light from the excitation source. 

However, to overcome the loss in light intensity due to the 
filters, for example, one requires the use of high powered 
light sources. These light sources produce heat which must 
be dissipated in an instrument by using heat sinks or fans. 

The complexity of the fluorescence measuring device, both 
from an optical and a mechanical perspective, is thus greatly 
affected by the inadequacies of the dye system. With the 
advent of near-patient testing in hospitals and emergency 
departments, instruments which measure fluorescence in 
immunoassays will be required to be portable and 
uncomplicated to the technician. Thus, the future state of 
the art for the manufacture of, for example, fluorometers 
which are employed for immunoassays will be required to 
change to simple and portable instruments. The high powered 
light sources and expensive optics currently incorporated 
into fluorometers will not meet the requirements for small, 
portable instruments. 

The instant invention teaches that f ] uorofity-n i 
labels can be prepared with large Stokes shifts and be tuned 
to wavelengths both of which are compatible with excitation 
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sources and emission detectors and which are compatible with 
the absorption and emission of the sample, for example, 
blood, serum, plasma, urine, ground water, and the like. The 
excitation and emission wavelengths of the novel fluorescent 
dyes and particles can generally be varied independently of 
each other. 

The dye must be compatible with the fluid phase of 
the assay, or in other words, the dye must be water soluble 
or water insoluble depending on the visualization or assay 
format. Many fluorescent dyes are water insoluble or poorly 
water soluble and these dyes are not easily used for labeling 
molecules, proteins, nucleic acids or cells. One skilled in 
the art will recognize that water insoluble dyes can be 
incorporated into latex particles as described in U.S. 

Patents 4,326,008, 4,609,689 and 5,154,887, which are hereby 
incorporated by reference. Thus, water insoluble dyes can be 
made useful by incorporation into latex particles for 
visualization in a variety of assay formats. 

The dye should be as bright as is necessary to 
achieve the desired sensitivity. If one knows the extinction 
coefficient and the quantum yield of the dye and the 
concentration of the target to be measured, it can be 
estimated whether the dye is bright enough to achieve the 
desired sensitivity. Incorporation of dyes into latex 
particles or the utilization of an enzyme which catalyzes the 
production of a fluorescent substrate are examples of 
techniques which one skilled in the art uses as amplification 
systems . 

The instrument used to detect the fluorescent 
signal is generally designed around the specif leaf, ions oT I In- 
dye and the specimen or sample being visualized or assayed 
because of the limited numbers of dyes which can be 
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successfully used. As discussed above, the components of the 
instrument are selected for a particular dye system since a 
useful instrument must be highly tuned to eliminate the light 
from the excitation source. 

Each of the conditions described above impose 
limitations on dye systems which can be employed for 
measuring sub-picomolar concentrations of analytes, 
particularly in biological fluids. The limitations also 
impose restrictions on the design of an instrument to 'measure 
the fluorescence. The novel teachings of the instant 
invention allow the design, synthesis and tuning of dye 
systems to match, generally, nearly any instrument design. 

Several inventive teachings are described for 
tuning excitation and emission wavelengths of dyes so that 
the excitation and emission are compatible with the sample 
matrix in which the fluorescence is measured and the 
instrument for quantifying the fluorescence. One teaching is 
to either incorporate or adsorb at least two dyes into or 
onto particles, which, as a pair, exhibit fluorescence energy 
transfer. The particles which can be used are those which 
adsorb dyes on the surface or absorb or imbibe dyes inside 
the particle. Another teaching is to incorporate dyes which 
are covalently attached to each other and which also exhibit 
fluorescence energy transfer both in solution and in 
particles . 

Another teaching is to incorporate hybrids of' 
phthalocyanines , naphthalocyanines , anthranylocyanines 
(collectively termed hybrid phthalocyanine derivatives) and 
various derivatives of these classes of compounds which have 
different subunits depending on the desired excitation or 
emission wavelengths. The hybrid phthalocyanine derivatives 
may also be synthesized as water soluble compounds to be used 
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for direct attachment to proteins, polypeptides other labels 
or nucleic’ acids. One advantage of hybrid phthalocyanine 
derivatives is that they allow one to create dyes and dye 
systems which have greater Stokes shifts with higher 
extinction coefficients at the excitation wavelength. This 
is accomplished by properly selecting the subunits which are 
to be tetramerized to form the hybrid phthalocyanine 
derivative structure and which will absorb the light at the 
excitation wavelength. 

The selection of dye pairs for incorporation into 
particles is based on their ability to exhibit energy 
transfer (singlet-singlet energy transfer) at the appropriate 
excitation wavelength of the donor dye and the emission of 
the acceptor. Fluorescence energy transfer of two molecules 
is well known to those skilled in the art and the rate of 
energy transfer is described by Forster in Ann. Physik. 

(1948) 2.i 55 - 75 . Fluorescence energy transfer has been used 
as a spectroscopic ruler to predict proximity relationships 
in proteins, RNA and peptides (Annual Review of Biochemistry 
(1978) , ±2, 819-846) and also to probe geometrical details in 
particles (Physical Review Letters (1988) jH, 641 - 644 ) . U.S. 
Patent 5,326,692 describes fluorescent particles with 
controllable enhanced Stokes shifts. U.S. Patents 4,542,104 
and 4,666,862 describe fluorescence energy transfer in 
phycobiliproteins . These dye complexes are described for use 
as labels in immunoassays. The limited use, however, of 
phycobiliproteins and the expense of these natural protein 
complexes make them undesirable for use on a commercial 
scale. Some unsymmetrical or hybrid phthalocyanines have 
been described, for example, in J. Am. Chem. Soc . 1990, t 1 2 . 
9640-9641, Chemistry Letters 1992, 2031-2034 and Inorg. Chem. 
1994, 22., 1735-1740, but this invention greatly expands the 
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compounds which can be synthesized for use in 
immunodiagnostics to achieve adequate fluorescence 
intensities and desired excitation and emission 
characteristics. The ratio of the various diiminoisoindiline 
or dicarbonitrile precursors and their substitution by 
electron donating or electron withdrawing groups in the 
synthesis of the hybrid phthalocyanines , naphthalocyanines 
and anthranylocyanines will affect the absorption spectrum 
and the excitation and emission wavelengths of the compounds. 
This is taught and applied to the novel dyes herein. 

In one aspect, the novel fluorescent particles of 
this invention are composed of at least two dyes which are 
positioned in the interior or on the exterior of particles at 
an energy exchanging distance. One skilled in the art will 
recognize that various particles can be utilized, such as 
latex, silica, alumina, liposomes, various colloids and the 
like. Particularly preferred particles are latex particles. 
The selection of the dye molecules for incorporation into the 
particles should be related to the specific use of the 
part ^ c ^ es ' the sa mple to be analyzed and the instrument for 
measuring the fluorescence. For example, when developing an 
assay for an analyte in a biological medium, such as blood, 
serum or a cell extract, the intrinsic absorbance and 
fluorescence of the sample must be considered. Serum and 
cellular components absorb in the ultraviolet spectrum as 
well as in the visible spectrum up to around 600 nm and the 
intrinsic fluorescence can broadly approach 600 nm. In 
addition, samples which contain small particles, such as dirt 
particles in ground water, lipoproteins in serum or blood, 
cells and cellular particles and components will scatter the 
excitation light which results in a higher background signal . 
The ideal dye couple would include the donor dye which would 
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be excited or absorb at above 600 nm and emit at a wavelength 
which the acceptor dye absorbs, and the acceptor dye should 
emit at a wavelength above 600 nm. In the case of a single 
dye system, for example, with the use of hybrid 
phthalocyanine derivatives, the excitation and emission 
wavelengths should also be above 600 nm. The sample, for 
example, serum, then does not affect fluorescence of the 
acceptor dye because the sample poorly absorbs at the 
absorption of the donor dye and the acceptor dye emits at a 
wavelength where the sample does not absorb or fluoresce. 

Fluorescent dye molecules incorporated into or onto 
particles will exhibit fluorescence quenching because of the 
close proximity of the dyes to each other and to the matrix 
of the particle. When loading dyes into or onto particles, 
one must optimize the concentration of dye as it relates to 
quenching. The dyes can be loaded successively or together. 
The degree of quenching can be quantified by measuring the 
fluorescence emission of a dilute suspension of particles 
(about 0.001% to 0.1% solids) in a buffer solution, in a 
buffered protein solution or in water and then also measuring 
the fluorescence of the same concentration of particles in 
solvent which liberates the dyes from the particles. The 
ratio of the fluorescence intensities (1 - [fluorescence 
intensity of incorporated dyes divided by the intensity of 
liberated dyes] is the degree of quenching of the dyes in the 
particle. In practice, one incorporates dyes at various 
concentrations and measures the fluorescence intensities of 
the incorporated and liberated dyes to optimize the intensity 
of fluorescence of the particle while minimizing the 
quenching of fluorescence in the particle. In a situation 
where more than one acceptor dye is used to minimize 
fluorescence quenching and to maximize fluorescence 
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intensity, one may use different acceptor dyes which have 
emission peaks which are within about 25 nanometers of one 
another. The emission of both acceptor dyes may be useful if 
the fluorometer is set-up to measure a wide band pass of 
fluorescence, for example, about a 20 to 60 nm bandpass. 

Another important consideration is the efficiency 
of the fluorescence energy transfer. In practice, if the 
energy transfer efficiency is not close to 100%, then one can 
observe the fluorescence of the donor dye. The resulting 
fluorescence of the donor dye can make the particles 
undesirable or even useless because the "effective Stokes 
shift" (that is, the shortest wavelength distance to a light 
source from the defined acceptor molecule emission wavelength 
in the fluorescence system) of the particles is now not the 
difference between the excitation and emission wavelengths of 
the donor and acceptor dyes, respectively, but rather the 
difference between the donor emission and the acceptor 
emission wavelengths. The emissions of the donor and 
acceptor wavelengths can overlap partially with each other 
when efficient energy transfer is not obtained and complicate 
the selection of filters for use in a fluorometer. The 
decrease in. the energy transfer efficiency can also be 
directly related to a decrease in the emission of the 
acceptor dye, resulting in a particle which may not be as 
as a particle with efficient energy transfer. In 
addition, under conditions of inefficient energy transfer, 
slight changes in the sample or in solution conditions, for 
example, pH, ionic strength and the like, may affect the 
magnitude of energy transfer efficiency and thereby may 
affect the intensity of the fluorescent signal . 

In selecting dye pairs for fluorescence energy 
transfer one begins by studying the overlap of the donor 
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emission and acceptor excitation wavelengths. The dyes are 
positioned in the particle at an energy exchanging distance 
from one another which allows singlet -singlet energy 
transfer. Although a particular pair of dyes has acceptable 
overlapping excitation and emission wavelengths (for example, 
see Proc. Natl. Acad. Sci. USA 1969, £2, 23-30), they may not 
exhibit fluorescence energy transfer in particles or they may 
have subopt imal (less than 80%) efficiency of energy 
transfer. The process to determine whether 2 or more dyes 
will exhibit efficient energy transfer is through 
experimentation after the appropriate spectral overlap 
criteria are met. The efficiency of fluorescence energy 
transfer is determined by measuring the fluorescence 
intensity of the donor dye alone in particles and also 
measuring the fluorescence emission of the particles which 
have incorporated 2 or more dyes (that is, the fluorescent 
energy transfer particle) at the emission wavelength of the 
donor dye, both sets of particles having the same 
concentrations of donor dye and particles . The measured 
fluorescence at the donor dye emission wavelength of the 
fluorescent energy transfer particles divided by the 
fluorescence of the donor dye particles is the efficiency of 
fluorescence energy transfer. Ideally, in practice, the 
emission of the donor dye should be undetectable or only 
slightly detectable so that the effective Stokes shift is not 
reduced because of the donor dye emission. Preferred 
fluorescence energy transfer efficiencies are 80% or greater 
and particularly preferred fluorescence energy transfer 
efficiencies are 90% or greater. 

Another important criteria for preparing pari 
exhibiting fluorescence energy transfer is the selection of 
the solvent used to swell and/or imbibe the dyes. The 



219/099 


-19- 

solvent system should penetrate the interior of the particle, 
for example, when using latex particles, and the dyes should 
also be soluble in the solvent system so that the dyes in the 
solvent can enter the interior of the particle. Optimization 
by experimentation is recommended, however, to produce 
particles with energy transfer or with optimum energy 
transfer. For example, table 6 of Example 67 shows the 
results of fluorescence energy transfer in latex particles 
prepared with dimethyl formamide and tetrahydrofuran, both of 
which swell latex particles and dissolve the dyes. 

When using particles which are not porous, for 
example, silica or alumina, for fluorescence energy transfer, 
the solvent system should dissolve the dyes but allow the 
dyes to adsorb to the particles. In some instances, it may 
be necessary to exchange solvent systems to adsorb the dyes; 
that is, the first solvent system dissolves the dyes in the 
particle slurry and a second solvent is introduced which 
promotes the adsorption of the dyes to the particles. When 
P re P ar iu9 liposomes which contain energy transfer dyes, 
ultrasonic techniques, for example, can be utilized to trap 
the dyes in the liposome interior as the liposome is formed. 
Techniques for forming liposomes can be found in, for 
example, Liposome Technology . Volumes I-III (1984), ed. , G. 
Gregoriadis, CRC Press Inc. 

The novel particles described herein exhibit 
reduced quenching and improved fluorescence intensities. A 
l ar £T e majority of fluorescent molecules have aromatic 
character, that is, they possess 4n + 2 n electrons. The 
resultant aromatic character promotes stacking of the 
molecules, especially of water insoluble molecules in aqueous 
solutions or in particles in aqueous solution, which in turn 
promotes fluorescence quenching. The novel particles 
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described herein are incorporated with dyes which, through 
steric interference of the dye molecules, have a minimized 
propensity to stack in the particles. 

In another aspect of this invention, fluorescence 
quenching of dye molecules in particles is minimized by 
employing different dyes with approximately the same 
excitation and emission wavelengths. That is, the wavelength 
maximum for excitation and/or emission of the different dyes 
is within about 25 nm of each other so that there is 
substantial overlap of the peaks. Different dyes will not 
stack in an organized orientation with each other to the same 
degree as dyes which are the same. Incorporating different 
dyes into or onto particles using organic solvents and then 
removing the solvent causes the dye to precipitate or 
crystallize in the particle. The disruption of the 
crystalline lattice of dye molecules in particles alters the 
stacking of the molecules and thereby reduce quenching. 

Thus, incorporation of dissimilar dye molecules with similar 
excitation and emission spectra improves fluorescence 
intensities of the particles by decreasing the quenching 
interactions of the molecules. 

In another aspect of this invention, incorporation 
into particles of dissimilar dyes which exhibit fluorescence 
energy transfer in the particles may also disrupt the other's 
crystalline lattice formation. Thus, the fluorescence 
intensities of particles exhibiting fluorescence energy 
transfer will be improved as a result of decreasing quenching 
in the particle because the stacking of similar dyes in the 
particles is disrupted by the dissimilar dye. 

In yet another aspect of this invention, the 
synthesis of phthalocyanine derivatives and hybrid phthalo- 
cyanine derivatives with axial ligands reduces the stacking 
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of the aromatic ring system, thus minimizing the interactions 
between molecules and maximizing fluorescence intensities. 

One skilled in the art can appreciate that more 
than one dye pair which exhibits fluorescence energy transfer 
can be incorporated into or onto particles resulting in a 
class of particles which fluoresce at different wavelengths. 
In addition, with the inventive teachings described herein, 
incorporation into or onto particles of 3 or more dyes, which 
together provide a cascade of energy transfer from the 
absorber (s) to the intermediate donor (s) to the acceptor (s) 
(which fluoresces) , can result in the production of particles 
with very long Stokes shifts and allows one to produce 
particles with nearly an unlimited variety of excitation and 
emission characteristics. 

Figure 1 shows preferred acceptor dyes which are 
phthalocyanines , naphthalocyanines and anthranylocyanines . 
Figure 2 shows particularly preferred acceptor dyes which are 
derivatives of silicon phthalocyanines, naphthalocyanines and 
anthranylocyanines, where R is hydrogen or an alkylcarbon 
chain from 1-20 carbons, either saturated or unsaturated, 
having 0-10 heteroatoms (N,0,S), and having 0 or 1 siloxide 
groups. The best mode compounds are those in which R = 

Si (CH 3 ) 2 C 6 F S 
Si (CgHi 
3) 3 

Si (ch 3 ) 2 (ch 2 ) 3 cn 
S i (CH 3 ) 2 (CH 2 ) X0 cooch 3 
Si (CH 3 ) 2 CH=CH 2 
Si (CH 3 ) 2 (CH 2 ) 10 COOH 
Si (CH 3 ) 2 (CH 2 ) 1 C1; and 
Si (CH3) 2 (CH 2 ) s CH=CH 2 . 
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The parent compounds of the phthalocyanines and naphthalo- 
cyanines are preferred because their emission wavelengths are 
around 680 nm and 780 nm in latex particles, respectively. 
Also preferred parent compounds are the anthranylocyanines 
which have emissions around 850 to 900 nm. These three 
classes of preferred parent compounds will collectively be 
called "phthalocyanine derivatives" and may or may not have 
an included metal and may or may not have axial ligands. 

Also, preferred parent compounds include "hybrid 
phthalocyanine derivatives" which have 2 or more different 
subunits of the 4 total subunits and may or may not have an 
included metal and may or may not have axial ligands. An 
example of a hybrid phthalocyanine derivative containing a 
metal and an axial ligand is illustrated in Figure 9 . The 
emission wavelengths for the phthalocyanine derivatives or 
the hybrid phthalocyanine derivatives are particularly useful 
for quantifying fluorescence in biological samples and 
tissues and for minimizing the background scatter intensity. 
Those skilled in the art can appreciate that phthalocyanine 
derivatives and hybrid phthalocyanine derivatives can be 
synthesized, for example, by derivatization of the phenyl, 
naphthyl or anthranyl rings with various substitutes to yield 
different molecules. These variants are within the scope of 
khe instant invention. Derivatives of tetraazaporphine are 
also within the scope of the instant invention. The 
derivatization of the aromatic structure of phthalocyanine 
derivatives and hybrid phthalocyanine derivatives can produce 
klue or red shifted excitation or emission wavelengths . The 
choice of the donor dye to excite the phthalocyanine or 
hybrid phthalocyanine derivatives is dependent on having a 
donor dye emission wavelength which corresponds to the 
appropriate range of absorbance wavelengths of the 
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phthalocyanine or hybrid phthalocyanine derivative. Figure 3 
shows the absorbance spectra of the silicon dihydroxyphthalo- 
cyanine and silicon dihydroxynaphthalocyanine in dimethyl - 
formamide. A potential range of excitation of the these 
acceptor dyes by the donor dye is between approximately 550 
nm and 670 nm and 600 nm and 760 nm, respectively. One 
s ^ill e d in the art will recognize that many dyes would be 
candidates for the donor dye because of the wide useful range 
of wavelengths which can excite the acceptor dyes. Indeed, 
the phthalocyanine derivative can be the donor for the 
naphthalocyanine derivative . The choice of the acceptor dye 
should meet the criteria outlined above. Several examples 
are described which illustrate the versatility of this novel 
approach . 

If one wants to build an instrument with an 
excitation source which has a maximum intensity at 480 nm and 
a detector which has a good quantum efficiency at 600 to 700 
nm, the donor dye should be capable of being excited at 480 
nm . Assuming that a phthalocyanine derivative is the 
acceptor dye for emission at 680 nm, the donor should then 
emit in the range of 550 to 670 nm. 

Preferred classes of dyes for this application are 
styryl, phenylbutadienyl and phenylhexatrienyl dyes. Styryl 
dyes are those of the following formula: 


Rl "\ 


-CH=CH 


N 




R' 


\ 


Rr 


30 



and phenylbutadienyl dyes are of the formula: 



-CH=CH-CH=CH 


N. 


N 


r 2 


r 3 


and phenylhexatrienyl dyes are of the formula : 



wherein Rl, R2 and R3 can be the same or different and Rl, R2 
and R3 are H or alkylcarbon chains from 1-20 carbons, either 
saturated or unsaturated, and having 0-10 heteroatoms (N, 0, 
S) . 

In general, these dye classes excite approximately 
between about 470 and 530 nm and emit approximately between 
600 and 780 nm (see Molecular Probes Handbook of Fluorescent 
Probes and Research Chemicals by Richard P. Haugland, 1992- 
1994, p. 156) . A particularly preferred styryl dye is the 
trans-4- [4- (dibutylamino) styryl] -1-methylpyridinium iodide 
(Aldrich Chemical Co.) which has its maximum absorbance at 
486 nm in dimethylformamide and its emission at 600 nm. One 
skilled in the art will recognize that the substituents off 
the aniline nitrogen and the pyridium nitrogen of i 
classes of dyes can vary and that preferred substituent:.; ore 
those with hydrophobic groups to maintain water insolubility. 
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In another application, an instrument system is 
built which has a source of maximum intensity at 420 nm and a 
detector as described in the above example . The dye system 
here can include the phthalocyanine acceptor; however, a 
different donor must be employed. A preferred donor for this 
application is a meso-tetra-2-aminophenylporphine (Porphyrin 
Products, Inc., Logan UT) which has a maximum absorbance for 
excitation at 418 nm in dimethylsulf oxide and an emission 
around 655 nm. This porphyrin will excite the phthalocyanine 
derivative in latex particles and the dye system will emit at 
680 nm . 

In a particularly preferred application, an 
instrument system is built to perform immunoassays in neat 
blood or serum or in various biological specimens . The 
excitation source is a light emitting diode (LED) or laser 
diode which has a maximum intensity around 650 nm to avoid 
absorption of the light by the blood or serum sample . The 
detector has good quantum efficiency at 700 to 800 nm so a 
preferred acceptor dye is a naphthalocyanine derivative which 
has an emission at approximately 780 nm, an emission 
wavelength which is generally not in common with blood or 
serum samples or biological specimens . A donor dye for the 
naphthalocyanine acceptor should absorb at around 650 nm to 
coincide with the source and emit between approximately 660 
nm and 760 nm. Preferred classes of dyes for this donor 
application are the carbocyanine dyes and the ethenyl- ■ 
substituted dipyrrometheneboron difluoro dyes, as described 
in U.S. Patent Nos. 5,187,288, 5,248,782 and 5,274,113. 


30 In yet another particularly preferred application, 

an instrument system is built to perform immunoassays in neat 
blood, plasma or serum or in various biological specimens. 
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The excitation source is an LED or a laser diode which has 
its maximum intensity around 670 nm to avoid absorption of 
t-he light by the blood, plasma or serum sample. The detector 
has good quantum efficiency at 700 to 800 nm so preferred 
acceptor dyes are silicon 

[ (diphthalocyanine) dinaphthalocyanine] ligands or a 
naphthalocyanine derivative which have an emissions at 
a PP r ' c ‘ x i m stely 760 nm and 780 nm, respectively, emission 
wavelengths which are generally not in common with blood or 
serum samples or biological specimens . A donor dye for the 
preferred acceptors should absorb at around 670 nm to 
coincide with the source and emit between approximately 660 
nm and 760 nm. Preferred donor dyes are silicon 
phthalocyanine with axial ligands . 

In yet another particularly preferred application, 
for immunoassays in neat blood or serum, the excitation 
source is around 790 nm and the emission wavelength is around 
900 nm. A preferred dye for a single dye system is a silicon 
1, 6-octaethoxynaphthalocyanine bis (dimethyl - 

hexylvinylsilyloxide) which is excited at 790 nm and emits at 
about 900 nm. 

Preferred dyes for use as donor dyes for naphthalo- 
cyanines and naphthalocyanine derivatives are, carbocyanines 
and ethenyl-substituted dipyrrometheneboron difluoro dyes, as 
described in U.S. Patent Nos. 5,187,288, 5,248,782 and 
5,274,113 which have excitation wavelengths up to 790 nm and 
emission wavelengths between about 670 nm and 800 nm. 

erred carbocyanine dyes, which generally excite 
between 500 and 750 nm (see Molecular Probes Handbook) are of 
the general formula: 
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R 

(CH=CH) n -CH =<^ 

N 




R4 


wherein n is 1 or 2/ or 3; wherein Rl and R2 are S, N, or O; 
and wherein R3 and R4 are H or alkylcarbon chains of from 1- 
20 carbons, either saturated or unsaturated and having 0-10 
heteroatoms (N, O, S) . 

Also preferred carbocyanine dyes are also of the 
general formula : 



wherein n is 1 or 2; or 3; wherein R1-R6 are H or 
alkylcarbon chains of from 1-20 carbons, either saturated or 
unsaturated and having 0-10 heteroatoms (N, 0, S) . 

Preferred donor dyes are also the ethenyl- 
substituted dipyrrometheneboron difluoro dyes, which 
generally excite above 500 nm (see Molecular Probes Handbook) 
and are of the general formula as depicted in Fig. 4, wherein 
R1-R7 include substituents as described in U.S. Patent Nos. 
5,187,288, 5,248,782 and 5,274,113. 

Particularly preferred donor dyes arc 1,1' dih'xyl 
3 , 3 , 3 1 , 3 ’ -tetramethylindocarbocyanine iodide, .1,1' diel.tiyl 
3 , 3 , 3 ' , 3 ' - tetramethylindodicarbocyanine iodide and (E,E)-3,5- 
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bis- (4-phenyl-l, 3 -butadienyl) -4 , 4-difluoro-4-bora-3a, 4a- 
diazo-5-indacene (from Molecular Probes Inc., Eugene, OR) 
which have absorption maximums of 642 nm, and 645 nm and 650 
nm and emission maximums of 674 nm and 665 nm, and 670 nm, 
respectively, in dimethylformamide . Particles incorporated 
with these particularly preferred dyes and a naphthalocyanine 
d-S rivative will excite with a 650 nm source and emit at 
approximately between 780 nm and 870 nm. One skilled in the 
art will recognize that the excitation and emission spectra 
any particular dye has a Gaussian form and therefore the 
excitation source does not need to correspond exactly to the 
excitation maximum of the donor dye in order to obtain an 
intense fluorescent signal. Likewise, the donor emission 
does not have to coincide with the highest absorption of the 
acceptor dye in order to achieve efficient energy transfer. 
One skilled in the art will also recognize that the substi- 
tuents at and on the 1 and 3 positions of the carbocyanines 
and the substituents at the R1 and R7 positions of the 
dipyrrome theneboron difluoro dyes, and the conjugation 
between the ring structures can vary and these variations are 
also useful in tuning fluorescence spectra of the particles. 

Also preferred emission wavelengths of fluorescent 
particles range from about 800 nm to 1000 nm. This near 
infra-red region is important because the scattering 
component of the light decreases substantially, thus lowering 
the background of the fluorescent measurement. In addition, 
biological samples do not absorb or fluoresce substantially 
in the 800 nm - 1000 nm range. Particulate materials in the 
samples, for example, lipoproteins in serum, particles in 
ground water, cellular debris in biological samples and the 
like, can increase the background signal because of scattered 



219/099 


-29- 

light and the measurement of the scattered light is minimized 
in the 800-1000 nm range. 

Figure 5 illustrates the attenuation of the 
background signal as the wavelength of the measured light 
increases from 730 nm to 900 nm in an immunoassay device, as 
described in allowed App. Ser. No. 07/887,526 (which is 
herein incorporated by reference) , containing either neat 
human serum or no serum. This figure shows that the 
background signal decreases by a factor of 5 when measuring 
at 900 nm as compared to 790 nm when the illumination source 
^ ^ milliwatt ( "mW" ) 670 nm laser diode. In addition, 

excitation of neat serum at 670 nm does not result in a 
significant measurable fluorescence between 730 nm and 900 
nm. Thus, for example, the signal to background ratio of the 
measurement of fluorescence of a dye which emits at around 
900 nm as compared to a dye emitting at around 790 nm would 
be improved by a factor of 5. The signal to background ratio 
improves by a factor of about 30 when measuring emission at 
780 nm as compared to 730 nm (see figure 5) . Preferred dyes, 
for example as described m J. Chem. Soc . Perkin Trans. 1, 
(1988) , 2453-2458, which emit above 780 nm include 
derivatives of the naphthalocyanine and anthranylocyanine 
classes (Fig. l) and the naphthalocyanine class is 
characterized by the general formulae, as depicted in Fig. 6, 
where M is a metal such as Si, Ge, Al, Sn and Ti and the 
like, and where R is an axial ligand, alkyl or aryl with or 
without a silicon (preferred axial moieties are synthesized 
from alkyl or aryl silyl chlorides) , and where X is an 
electron donating group or groups which can be the same or 
including, such as amino, hydroxyl, alkoxy, 

' phenyl, alkyl and. the like. The electron donating 
character of the X group or groups red- shifts the emission 
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wavelength as compared to the general naphthalocyanine 
compounds (Figure 1) . 

For example, the compounds described in examples 
26, 27 and 28 are illustrative of dyes which have emission 
wavelengths around 850 nm. These preferred dyes would yield 
an improved signal to background ratio as compared to dyes 
emitting at 780 nm (See Fig. 5). Electron withdrawing groups 
can also be utilized for the X groups, such as halogen, 
nitro, cyano, sulfate, carboxyl and carboxyalkyl and the 
like, which will blue shift the excitation or emission 
wavelengths. Preferred donor dyes for this class of near 
emitting dyes are those which have emission 
wavelengths which correlate to the absorbance characteristics 
of the acceptor dye. Preferred dyes for this application are 
the ethenyl-substituted dipyrrometheneboron difluoride dyes, 
as described in U. S. Patent Nos. 5,187,288, 5,248,782 and 

5,274,113. 

fsrred molar ratios of donor to acceptor dyes in 
the latex particles generally range from about 20:1 to about 
1:20 and particularly from about 1:1 to 6:1. The desired 
fluorescence intensity should be obtained through 
experimentation using the principles taught herein, and by 
incorporating various ratios of donor to acceptor dyes into 
the particles at various dye concentrations and measuring the 
fluorescence emission of the particles . 

The geometrical orientation of the dipoles of the 
donor and acceptor dyes will affect the efficiency of energy 
transfer between them. The donor and acceptor dyes can be 
synthesized to form a compound of optimal dipole geometry, 
in solution, exhibits efficient fluorescence energy 
transfer ("FET"). The optimized FET compound then may be 
incorporated into particles. Phthalocyanine derivatives can 
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be utilized for this application for the acceptor moiety, 
where the phthalocyanine derivative can be substituted with 
electron donating or withdrawing groups (as described above) 
to accommodate the desired excitation and emission 
5 wavelength. For example, preferred naphthalocyanine 

compounds for this application are those as depicted in Fig. 
7, where X is hydrogen or electron donating groups, such as 
amino, hydroxyl, alkoxy, aryloxy, phenyl, alkyl and the like 
and D is the donor dye covalently attached to the naphthalo- 
10 cyanine derivative at a distance which allows for energy 

transfer between the donor and acceptor. 

By applying the teachings of this invention, all 
phthalocyanine of hybrid phthalocyanine derivatives can 
;? function as donor or acceptor molecules. For example, a 

|15 silicon ortho octaethoxy (phthalocyanine) derivative will emit 

at approximately 750 nm to 780 nm, similar to a silicon 
naphthalocyanine derivative. Generally, the distances 
/ between donor and acceptor are about 5 angstroms to SO 

'j: angstroms, and preferably from 5 angstroms to 15 angstroms. 

H20 In addition, each naphthalocyanine derivative can have 1-4 

donor dyes attached, depending on the required application of 
the FET compound. Suitable donor dyes are those which emit 
in the absorbance range of the acceptor dye. Example 29 
describes the synthesis of a fluorescein-silicon 
25 phthalocyanine FET compound. Table 1, item 56, shows the 

fluorescence characteristics of this compound in latex 
particles. One skilled in the art will appreciate that with 
the inventive teachings described herein, many FET compounds 
may be synthesized for many particular applications requiring 
specific excitation and emission wavelengths. 

Another approach to developing particles which 
exhibit desired and predictable fluorescence properties in 


30 


219/099 


-32- 

the high visible to near infrared spectrum is to synthesize 
unsymmetrical or hybrid phthalocyanines , naphthalocyanines or 
anthranylocyanines and their derivatives. As used herein, 
the term "hybrid phthalocyanine derivatives" refers to all 
classes of hybrid phthalocyanines, naphthalocyanines and 
anthranylocyanines and their derivatives, with or without 
metal and axial ligands, including tetraazaporphines and 
their derivatives . The novel hybrid molecules described 
herein appear to exhibit intramolecular energy transfer. The 
hybrid phthalocyanine derivatives can be synthesized from 
diiminoisoindoline or derivatives of diiminoisoindolines and 
incorporate a metal, for example, silicon, and elaboration 
with axial ligands or they can be synthesized from 
dicarboni trile derivatives of benzene, naphthalene or 
anthracene compounds, respectively, for subsequent inclusion 
of various metals and elaboration with axial ligands. Hybrid 
molecules comprised of derivatives of tetraazaporphines, as 
described in Inorg . Chem. (1994) , 3 3 . 1735-1740, are also 
within the scope of the hybrid phthalocyanine derivatives of 
the instant invention. A synthetic strategy for hybrid 
phthalocyanine derivatives with 2 different subunits is 
described, for example, in J. Am. Chem. Soc. (1990), 112 . 
9640-9641, Inorg. Chem. (1994 ) , 22 .. 1735-1740, Chem. Letters, 
(1992), 763-766, Chem. Letters, (1992), 1567-1570 and Chem. 
Letters, (1992), 2031-2034. These references describe the 
synthesis of hybrid molecules with zinc metal or without 
metal and without axial ligands. The character of the 
diiminoisoindoline and its derivatives will dictate the 
excitation and emission characteristics of the molecule. 
Moreover, incorporation of dyes with axial ligands, as taught 
herein, will result in particles which exhibit minimum 
quenching and maximum fluorescence intensity. 
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Axial ligands are also beneficial on water soluble 
compounds because the axial ligands will minimize interaction 
of the hybrid molecule with, for example, proteins, 
antibodies and nucleic acids, which may or may not be 
covalently coupled to the hybrid molecule. The axial ligand 
ma Y itself, impart water solubility to the hybrid 
phthalocyanine derivative. 

Examples of water soluble phthalocyanine 
derivatives are disclosed in Examples 92, 95-98, 108, 110, 
114-124, and 126-128. 

Novel hybrid phthalocyanine derivatives are 
described herein, which contain 3 or 4 different subunits, 
and allow for larger Stokes shifts. In these derivatives, 
excitation occurs with the subunit which has the highest 
energy or the lowest wavelength absorption and the emission 
occurs in the lowest energy subunit . 

The desired excitation and emission wavelengths of 
the hybrid phthalocyanine derivative will determine the types 
of di iminoisoindoline derivative and dicarbonitrile 
derivative precursors which are used in the synthesis of the 
hybrid phthalocyanines . The desired excitation and emission 
wavelengths are generally dictated by the sample, the type of 
fluorescent measurement and the instrument . Various 
combinations of diiminoisoindoline derivative and 
dicarbonitrile derivative precursors also may be combined to 
form a hybrid phthalocyanine derivative which may have a ' red 

shifted or blue shifted excitation and/or emission wavelength 
pattern . 

In general, electron donating substituents on the 
diiminoisoindoline or dicarbonitrile precursors, part i cu I a r I y 
situated at the ortho positions (that is, ortho to the 
tetraazaporphine structure as indicated in Figure 6 for the X 
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substituents) of the phthalocyanine structure, such as amino, 
hydroxyl, alkoxy, aryloxy, phenyl, alkyl and the like, will 
red shift the excitation and/or emission wavelengths. 
Conversely, electron withdrawing substituents, also 
particularly at the ortho positions, such as halogen, nitro, 
cyano, sulfate, carboxyl and carboxyalkyl and the like, will 
blue shift the excitation or emission wavelengths. In 
addition, positions on the subunits other than the ortho 
positions can affect the excitation and emission 
characteristics of the hybrid phthalocyanine derivative. The 
choice of either diiminoisoindoline or dicarbonitrile 
precursors for the synthesis of the hybrid phthalocyanine 
derivatives is related to the desired presence or absence of 
metal and the type of metal in the hybrid molecule. For 
example, when using the diiminoisoindoline precursors in the 
synthesis, a silicon metal can be incorporated during the 
tetramerization reaction to form the phthalocyanine 
derivative structure. The silicon can be further modified to 
a silicon dihydroxy phthalocyanine derivative molecule so 
that axial ligands can be elaborated with, for example, 
various silyl chloride reagents. The importance of axial 
ligands in reducing quenching and maximizing fluorescence 
intensity is evident for both phthalocyanine/naphthalocyanine 
molecules and the hybrid phthalocyanine derivatives (see 
example 65) . 

The axial ligands are also useful for further 
elaboration of the molecules, for example, for attaching 
another fluorescent molecule, for attaching to a ligand, 
protein, polypeptide or nucleic acid or for changing the 
charge of the molecule using sulfate, carboxylic acid or 
amino substituents which can affect solubility of the 
molecule. In the case of using axial ligands to attach the 
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water soluble dye to ligands, proteins, polypeptides or 
nucleic acids, a mono- or bis- substituted metal can be 
utilized. The mono- substituted metal in the dye, however, 
yields only one axial ligand onto which the chemistry of 
attachment is made. The other face of the dye, after 
attachment to a ligand, protein, polypeptide or nucleic acid, 
which has no axial ligand, may interact with neighboring 
molecules (proteins, polypeptides, nucleic acids and the 
like) and result in quenching of fluorescence. The bis- 
sUbstituted dye can minimize potential interactions between 
neighboring molecules when one axial ligand is used for 
attachment and the other is unattached. In this case, the 
unattached axial ligand can be synthesized such that the 
terminal atom of the unattached axial ligand imparts water 
solubility to the molecule, for example, a sulfate, carboxyl, 
or an amino derivative, such that interactions between 
neighboring molecules is minimized. in the case of utilizing 
water soluble hybrid phthalocyanine derivatives, for example, 
for competitive immunoassays, the ligand analogue of the 
target ligand which is being measured, can be attached to the 
dye through the axial ligand (s) . The axial ligands of the 
water soluble phthalocyanine and hybrid phthalocyanine 
derivatives can also contain functional groups, for example, 
amines, carboxylic acids and esters, alkyl halides, thiols, 
thio ester and the like for attachment of ligands, proteins, 
polypeptides and nucleic acids. The axial ligands can also 
impart water solubility on the phthalocyanine and hybrid 
phthalocyanine derivatives when the axial ligand is comprised 
of poly (ethylene oxide) . The carboxylic acid ester or the 
thioester groups on the axial ligands can be hydrolyzed in 
dilute base to the carboxylic acid and thiol groups, 
respectively. The chemical reactions to attach the axial 
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ligands to ligands and ligand analogues, proteins, 
polypeptides and nucleic acids should be compatible with the 
functional groups of the compounds or macromolecules. For 
example, an amine on the axial ligand of the dye can be 
reacted with a compound or macromolecule containing a 
carboxylic acid or an alkyl halide, an alkyl halide on the 
axial ligand of the dye can be reacted with an amine or a 
thiol on the compound or macromolecule, a thiol on the axial 
ligand of the dye can be reacted with an alkyl halide or a 
maleimide group on the compound or macromolecule. Thus, 
compounds, such as ligands, ligand analogues and 
macromolecules, such as nucleic acids, polypeptides and 
antibodies can be reacted specifically to the dye by reaction 
with functional groups on the dye. 

In general, phthalocyanine and hybrid 
phthalocyanine derivatives can be made water soluble by 
sulfonating the compounds using, for example, sulfuric acid 
or chlorosulf onic acid (see Gilbert, "Sulfonation and Related 
Reactions' 1 , Interscience, New York, 1965; Cerfontain, 
"Mechanistic Aspects in Aromatic Sulfonation and 
Desulfonation" , Interscience, New York, 1968, Znt. J. Sulfur 
Chem . C6, 123-136 (1971)) The sulfonation of the aromatic 

ring structure of the dye molecules can occur at various 
carbons of the ring. Added water solubility of the dye 
molecules can be achieved using axial ligands comprised of 
poly (ethylene oxide) . 

When using the dicarbonitrile precursors, the 
phthalocyanine derivative is synthesized without metal, but 
various metals can subsequently be included, for example, Ge, 
Al, Sn, Ti and the like. These metals can also be elaborated 
with axial ligand (s), depending on the valence of the metal. 
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The fluorescence quenching character of the hybrid 
phthalocyanine derivatives in particles are particularly 
preferred over the phthalocyanine derivatives. Example 66 is 
^ example of comparison of the quenching 

characteristics in latex particles of silicon 2,3- 
naphthalocyanine-bis (dimethylhexylvinylsilyloxide) and 
silicon- [di ( 1 , 6-diphenylnaphthalocyanine) ] -diphthalocyanine- 
bis- (dimethylhexylvinylsilyloxide) . The hybrid 
phthalocyanine derivative has essentially no quenching as 
compared to up to 50% quenching of the naphthalocyanine 
derivative for the various dye loading concentrations listed 
in the table. The fluorescence intensity of latex containing 
the hybrid phthalocyanine derivative are much greater than 
the phthalocyanine derivative. This illustrates the special 
properties of the hybrid phthalocyanine derivatives. 

The hybrid phthalocyanine derivatives are also very 
good acceptors when using phthalocyanine derivatives as 
donors. This is shown in table 6 of example 67. When the 
phthalocyanine derivative is the donor and the hybrid 
phthalocyanine derivative is the acceptor (dye system 3) , the 
fluorescence intensity of the particles is about 145% higher 
than when the same phthalocyanine derivative is the donor and 
a naphthalocyanine derivative is the acceptor (dye system 2) 
These results show the special properties of the hybrid 
phthalocyanine derivative in particles exhibiting 
fluorescence energy transfer. 

The hybrid phthalocyanine derivative also acts as 
an intermediate donor compound. Table 6 of Example 67 shows 
that the fluorescence intensity of a naphthalocyanine 
acceptor in a particle prepared in 70% tetrahydro f:u ran (dye- 
system 4) is increased about 65% when a phthalocyanine donor 
excites a hybrid phthalocyanine compound as compared to the 
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phthalocyanine donor directly exciting the naphthalocyanine 
acceptor (dye system 2 ). These results further illustrate 
the special properties of the hybrid phthalocyanine 
derivatives in latex particles exhibiting fluorescence energy 
5 transfer. 

The results of Table 6 of Example 67 also show the 
ability of phthalocyanine derivatives with axial ligands to 
exhibit singlet - singlet energy transfer to other 
phthalocyanine or hybrid phthalocyanine derivatives with 
10 axial ligands. That is, it is apparent from Example 65 and 

Table 4, that axial ligands reduce the quenching of the dyes 
and enhance the fluorescence of the particles. Other 
experiments (see Example 15, Tables 1 and 2 ) also support 
t: this observation. Thus, axial ligands minimize quenching by 

;; 15 preventing the close contact of the ring structures. One 

would then expect that phthalocyanine or hybrid 
phthalocyanine derivatives with axial ligands would not be 
spaced sufficiently close to function efficiently as energy 
4 - transfer donor and acceptor pairs because the molecules are 

4 20 spaced apart by the axial ligands. However, nearly 100% 

efficiency of energy transfer and high fluorescence 
intensities are observed in particles when phthalocyanine or 
hybrid phthalocyanine derivatives with axial ligands are 
donors and phthalocyanine or hybrid phthalocyanine 
25 derivatives are acceptors . 

The tetramerization reactions of the diiminoiso- 
indoline or dicarbonitrile precursors to form the hybrid 
phthalocyanine derivatives can be directed so that opposing 
subunits can be the same. This is accomplished, for example, 
30 with the use of bulky substituents on the precursors so that 

in the tetramerization reaction, like subunits with bulky 
substituents cannot be adjacent because of steric 
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considerations. Bulky phenyl substituents have been used on 
dicarbonitrile precursors to direct the precursors 
tetramerization to be opposing subunits as described in 
Inorg. Chem. (1994) , 22 ., 1735-1740, Chemistry Letters (1992), 
2031-2034 and Chemistry Letters (1992) , 1567-1570 . 

Preferred hybrid phthalocyanine derivatives have 
similar opposing subunits so that two different subunits 
comprise the structure. Particularly preferred hybrid 
phthalocyanine derivatives have similar opposing subunits on 
one axis and different opposing subunits on the other axis . 
The nature of the particularly preferred molecules is that 
red or blue shifted excitation or emission wavelengths and a 
longer Stokes shift can result because of the selection of 
the precursor molecules for the tetramerization reaction. 

For particularly preferred hybrid phthalocyanine derivatives, 
for example, the "donor" diphenyldiiminoisoindoline or the 
diiminoisoindoline precursors would contribute to 650 nm 
absorbance of the hybrid molecule, and thereby to the 
excitation of the hybrid molecule. The diphenyl 
phenyldiiminoisoindoline or the phenyldiiminoisoindoline 
precursors would act as an "electron transfer subunit" to the 
■"acceptor subunit", which would be a dialkoxy or aryloxy 
phenyldiiminoisoindoline precursors, so that emission is 
dictated at the lowest energy by the acceptor subunit at 
about 850 nm. The nature of the "electron transfer subunit" 
is important because it is not desirable for this subunit to 
emit because then the desired emission of the acceptor 
subunit will not take place. Thus, the highest occupied 
molecular orbital (HOMO) and lowest unoccupied molecular 
orbital (LUMO) character of the electron transfer subunit 
should be designed with reference to the donor and acceptor 
subunit molecules. The relationship of the energies of the 
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HOMO and LUMO as they relate to excitation and emission are 
taught by Pariser et al . , J. Chem. Phys . (1953), 21, 767-776, 

by Pople, Trans. Faraday Soc . (1953), 4£, 1375-1385, by 

McHugh et al . , Theoret . Chim. Acta (Berlin) (1972), 2 ±, 346- 
370 and by Kobayashi et al, Inorg. Chem. (1994), 22 , 1735- 
1740, Chemistry Letters (1992), 2031-2041, Konami et al . , 
Molecular Physics (1993), 22 , 153-160. 

Another application requires the hybrid molecule to 
have two excitation wavelengths, one at approximately 650 nm 
and another at about 680 nm with emission for both exci- 
tations at about 760 nm. Thus, the precursors responsible 
for the excitation could be a diiminoisoindoline for the 650 
nm and a tetraf luorodiiminoisoindoline for the 680 nm 
excitations . The emitting subunit, which can also be used to 
direct the tetramerization reaction so that the emitting 
subunits are opposed in the molecule, can be a diphenyl 
phenyldiiminoisoindoline . The excitation and emission 
wavelengths of the resulting hybrid phthalocyanine derivative 
are thus generally representative of the individual 
diiminoisoindoline precursors. 

Yet another application requires excitation at 
about 650 nm and emission at about 750 nm. The precursors 
responsible for excitation and emission could be diimino- 
isoindoline and diphenyl phenyldiiminoisoindoline, 
respectively. The latter precursor also acts to direct the 
emitting subunits to be opposed. 

In another application, a large extinction 
coefficient at the excitation wavelength is desired for 
excitation at about 650 nm. The emission wavelength should 
be at about 850 nm. The precursors responsible for 
excitation could be a diphenyldiiminoisoindoline, which would 
direct these subunits to be opposed and thereby two subunits 
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would contribute to provide the desired extinction 
coefficient. A phenyldiitninoisoindoline derivative precursor 
could act as an electron transfer subunit and an alkoxy- 
phenyldiiminoisoindoline precursor could be the acceptor with 
a characteristic emission at about 850 nm. 

In another application, two emission wavelengths 
are desired from a compound which is excited at a single 
wavelength. The desired excitation is around 650 nm and the 
emission should be around 760 nm and 810 nm. The precursor 
responsible for excitation could be a tetra- 
f luorodiiminoisoindoline or a tetraf luorobenzene - 1 , 2 - 
dicarbonitrile . The precursor responsible for emission could 
be a dibutoxy-phenyldiiminoisoindoline or a 3 , 4 -dibutoxy- 
naphthalene-l , 2-dicarbonitrile, respectively. 

Inc orporation of Dyes into Particlss 

The resulting compounds are then incorporated into 
particles to yield particles which exhibit excitation 
wave 1 eng t hs above about 60 0 nm and emission wavelengths above 
about 650 nm. One skilled in the art will also appreciate 
that water soluble hybrid phthalocyanine derivatives are 
valuable for coupling to proteins, polypeptides, nucleosides, 
nucleic acids and the like, for detecting their presence in 
biological fluids or for performing DNA probe or 
immunoassays. 

Preferred particle sizes range from about 0.1 nm 
to 5000 nm and preferably from about 1 nm to 1000 nm. ' The 
choice of particle size should be related to the specific 
function for the label. The particle size may vary for a 

application. For example, in an immunoassay, if 
the label requires a more intense fluorescence for measuring 
very low concentrations of analytes, then one would employ 
larger particles because larger particles can incorporate 



219/099 


- 42 - 

more dye molecules. The small particle sizes ( 0 . 1-1 nm) may 
be employed in fluorescence polarization assays, as described 
for example, in U.S. Patents 4,420,568, 4,476229 and 
4 , 510 , 251 , in jjt — v itro visualization of cellular components 
or in in vivo imaging techniques . 

The resulting fluorescent dye particles which 
exhibit the appropriate excitation and emission 
oharacteris t ics are further adsorbed or chemically reacted 
with various nucleic acids, nucleotides, proteins or peptides 
and the like which are required for a specific purpose. The 
adsorption of macromolecules to particles, particularly latex 
particles is well known to those skilled in the art and 
generally involves adsorption of the macromolecule at a 
temperature between 5°C and 50°C and at a pH which is below 
the pi of the molecule. 

ILs_e. of Incorporated Dve Particles in Assays 

Fluorescent particles exhibiting fluorescence 
energy transfer can be adsorbed with either antibodies for 
use in non-competitive immunoassays or ligand analogues for 
use in competitive immunoassays in reaction mixtures of the 
assays. In the case of non-competitive assays, the reaction 
mixture would include at least one target ligand and at least 
one class of fluorescent particles having bound thereto at 
least one receptor specific for target ligand, forming an 
antibody (fluorescent) conjugate. In the case of competitive 
assays, the reaction mixture will include at least one' target 
ligand, at least one receptor specific to the target ligand, 
and at least one class of fluorescent particles, having bound 
thereto at least one ligand analogue, forming a ligand 
analogue (fluorescent) conjugate. The antibody conjugates 
bound to target ligands in the non-competitive reaction 
mixture and the ligand analogue conjugates not bound by 
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receptors specific to the target ligands in the competitive 
reaction mixture can be bound to a solid phase consisting of 
receptors specific to another epitope of the target ligand of 
the target ligand-antibody conjugate complexes and of 
receptors specific to ligand analogues of the ligand analogue 
conjugates, respectively. The fluorescent conjugates unbound 
by the solid phase are removed and the fluorescence of the 
bound conjugates is measured. The measured fluorescence is 
related to the target ligand concentration. The various 
reagents described above can also be attached covalently to 
the latex particles. For example, antibodies or ligand 
analogues can be attached through amine or carboxylic acids 
to carboxylic acids or amines on the surface of the 
particles, respectively, to form stable amide linkages. 

the case of quantifying nucleic acids in 
samples, the novel compounds described in the instant 
invention are useful because of their brightness and because 
of the near infrared emission characteristics. In general, 
in designing an assay for a nucleic acid, one selects a probe 
molecule which is complementary to the nucleic acid to be 
quantified. The probe molecule is then labeled, generally 
covalently, with a signal generator. The signal generator 
can be a water soluble phthalocyanine derivative or hybrid 
phthalocyanine derivative or a particle with the appropriate 
dye system, which may exhibit fluorescence energy transfer or 
hybrid phthalocyanine derivatives or combinations of these 
compounds. The labeled probe molecule is then introduced 
into a biological sample suspected of containing the target 
nucleic acid, and the labeled probe sequence assembles with 
the target nucleic acid. The labeled probe/target nucleic 
acid can then be immobilized onto a surface which has 
immobilized another nucleic acid which is also complementary 
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to the target nucleic acid. Conversely, the biological 
sample can be introduced to a surface which has immobilized a 
complementary nucleic acid for immobilization of the target 
nucleic acid. The labeled probe can then be introduced to 
the system for binding to the immobilized target molecule. 

The excess labeled probe is then washed away and the 
resultant fluorescent intensity is correlated with 
fluorescence intensity from a standard curve to arrive at a 
concentration of the nucleic acid in the sample. 

— Water — Soluble — Hybri d Phthalocyanine Derivatives in 

Assays 

Water soluble hybrid phthalocyanine derivatives can 
be attached to antibodies for use in non-competitive 
immunoassays or ligand analogues for use in competitive 
immunoassays in reaction mixtures of the assays. In the case 
of non-competitive assays, the reaction mixture would include 
at least one target ligand and at least one water soluble 
hybrid phthalocyanine derivative having attached thereto at 
least one receptor specific for target ligand, forming an 
antibody (fluorescent) conjugate. In the case of competitive 
assays, the reaction mixture will include at least one target 
ligand, at least one receptor specific to the target ligand, 
and at least one water soluble hybrid phthalocyanine 
derivative having attached thereto at least one ligand 
analogue, forming a ligand analogue (fluorescent) conjugate. 

In addition, in certain embodiments, the antibody conjugates 
and ligand analogue conjugates can be utilized as non- 
fluorescent labels. The non- fluorescent labels would be used 
in applications where only a color response, measured by 
reflectance in an assay device, is necessary. 

The fluorescent conjugates of water soluble hybrid 
phthalocyanine derivatives, which are smaller in molecular 
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weight than the fluorescent particles described herein, will 
diffuse faster in solution and result in binding reactions 
which have faster kinetics. Fast kinetics of the binding 
reactions in assays are preferred because the assays will 
reach equilibrium binding in a shorter time, and in turn, 
assay results can be obtained in a shorter time. The 
antibody conjugates bound to target ligands in the non- 
competitive reaction mixture and the ligand analogue 
conjugates not bound by receptors specific to the target 
ligands in the competitive reaction mixture can be bound to a 
solid phase consisting of receptors specific to another 

of the target ligand of the target ligand-antibody 
conjugate complexes and of receptors specific to ligand 
analogues of the ligand analogue conjugates, respectively. 

fluorescent conjugates unbound by the solid phase are 
removed and the fluorescence (or color) of the bound 
conjugates is measured. The measured fluorescence (or color) 
is related to the target ligand concentration. 

In the case of quantifying nucleic acids in 
samples, the novel compounds described in the instant 
invention are useful because of their brightness and because 
of the near infrared emission characteristics. In general, 
in designing an assay for a nucleic acid, one selects a probe 
molecule which is complementary to the nucleic acid to be 
quantified. The probe molecule is then labeled, generally 
covalently, with a signal generator. The signal generator 
can be a water soluble phthalocyanine derivative or hybrid 
phthalocyanine derivative. The labeled probe molecule is 
then introduced into a biological sample suspected of 
containing the target nucleic acid, and the labeled probe 
sequence assembles with the target nucleic acid. The labeled 
probe/target nucleic acid can then be immobilized onto a 
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surface which has immobilized another nucleic acid which is 
also complementary to the target nucleic acid. Conversely, 
the biological sample can be introduced to a surface which 
has immobilized a complementary nucleic acid for 
immobilization of the target nucleic acid. The labeled probe 
can then be introduced to the system for binding to the 
immobilized target molecule. The excess labeled probe is 
then washed away and the resultant fluorescent intensity is 
correlated with fluorescence intensity from a standard curve 
to arrive at a concentration of the nucleic acid in the 
sample . 

Those skilled in the art will recognize that many 
variations of immunoassays and nucleic acid assays can be 
performed and the inventive teachings in the instant 
invention for the use of novel dye systems can be used to 
develop novel adaptations to existing technologies. 

Those skilled in the art will appreciate that the 
novel fluorescent particles and dyes described herein have 
many uses in immunoassays, fluorescence microscopy, in vivo 
imaging, i. n vitro cancer therapy, nucleic acid assays, cell 
sorters and the like. 

Experimental S ection 

Fluorescence measurements referred to in the 
following Examples were performed on a Perkin-Elmer model LS 
SOB Luminescence Spectrometer for dyes emitting up to around 
780 nm. In some instances, as indicated in Table 1 by 
describing the Intensity in terms of nanoamps (nA) , dyes 
emitting above 800 nm were measured according to Example 18. 

The fluorescence intensities are not corrected. Absorbance 
measurements were performed on a Hewlett Packard 8452A Diode 
Array Spectrophotometer . 
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Example 1 

Synthesis of Silicon Phthalocyanine Dihydroxide SiPc (OH) : 

A suspension of silicon phthalocyanine dichloride 
(1.83 g, 3.0 mmol) in pyridine (50 ml) and water (50 ml) was 
5 refluxed with stirring on an oil bath at 120°C for 18 hours. 

After cooling the dark blue solid product was filtered and 
the residue was washed with water (10 ml) , acetone (5 ml) and 
then dried under vacuum to afford 1.71 g of the title 
compound . 

10 

.Exsitb1£,.-2. 

1 Synthesis of Silicon Phthalocyanine bis (trihexylsilyloxide) 

- (hereinafter sometimes referred to as PcSi trihexyl) 

m A suspension of silicon phthalocyanine dihydroxide 

15 (115 mg, 0.2 mmol) in anhydrous pyridine (11 ml) containing 

chlorotrihexylsilane (733 /x L, 2.0 mmol) was refluxed on an 
oil bath at lSO^C for 5 hours. The resulting purple solution 
was allowed to cool and was evaporated. The resulting slurry 
F : was treated with ice-cold hexane (2 ml) and the dark blue 

1 ; 2 o solid product was filtered, washed with ice-cold hexane (2 

ml) and was dried under vacuum to yield 249 mg of crude 
product. The crude product in chloroform was purified on an 
Alumina column (Activity 1) equilibrated in hexane and the 
product was eluted with hexane/toluene (2/1, v/v) as a bright 
25 blue band. The solvent containing the product was evaporated 

to yield 69 mg of the title compound with a melting point of 
(mp) 171 °C (literature mp is 175 °C) . 

Example 3 

S ynthesis of Silicon Phthalocyanine bis T (10- 

carbomethoxydecyl) dimethylsilvloxidel (Hereinafter sometimes 
referred to as PcSi methyl ester). 
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To a suspension of silicon phthalocyanine 
dihydroxide (115 mg, 0.2 mmol) in anhydrous pyridine (11 ml) 
was added (10-carbomethoxydecyl) dimethylchlorosilane (586 mg 
2 mmol) and the mixture was refluxed with stirring on an oil 
k^bh at 130 C for 5 hours. The dark blue solution was 
allowed to cool and the solvent was evaporated. The residue 
was purified on a Silica gel 60 A column equilibrated in 
hexane and the product eluted slowly as a blue band with 
toluene. The toluene fraction containing product was 
evaporated, hexane (10 ml) was added to the residue and the 
product was filtered, washed with hexane and dried to 
afford 105 mg of the title compound. 


Example 4 

S ynthesis of_. Silicon Pht halocyanine 

bis (dimethylvinylsilyloxide) (Hereinafter sometimes r^f P rr^ 

.to as PcSi v inyl) 

To a suspension of silicon phthalocyanine 
di hydroxide (115 mg, 0.2 mmol) in anhydrous pyridine (ll ml) 
was added chlorodimethylvinylsilane (276 n L, 2.0 mmol) and 
the mixture was refluxed with stirring on an oil bath at 130 
C for 5 hours. The dark solution was allowed to cool and 
was evaporated. The residue was purified on a Silica gel 60 
A column equilibrated in hexane and the product was eluted 
with toluene as a blue band. The eluate containing product 
was evaporated, the residue treated with hexane and the' dark 
blue solid product was filtered, washed with hexane and was 
dried under vacuum to afford 7.5 mg of the title compound. 


Example 5 
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. SynthgSlg Of — Silicon Phtha locvanine bisf (3-cvanopropvl) 

dirn ethvlsilvloxidel (Hereinafter sometimes referred to as 
PcSi cvano) 

To a suspension of silicon phthalocyanine 
dihydroxide (115 mg, 0.2 mmol) in anhydrous pyridine (11 ml) 
was added chloro ( 3 - cyanopr opyl ) -dimethylsilane (328 /xL, 2.0 
mmol) and the mixture was refluxed with stirring on an oil 
k&th at 130 °C for 5 hours. The purple solution was allowed 
to cool and was evaporated. The residue was purified on a 
Silica gel 60 A column equilibrated in hexane. The column 
was washed with toluene and the product was eluted with 
toluene/isopropyl alcohol (90/10, v/v) as a bright blue band. 
The eluate containing product was evaporated under vacuum to 
afford 101 mg of the title compound with a mp > 260 °C. 

Example 6 

S yn . thssig — p.f Silicon Phthalocva n ine bis (dimethylpentafluoro- 
phenylsilyloxidb) — (Hereinafter sometimes referred to as Po.q-i 
pentaf luoro) 

To a suspension of silicon phthalocyanine 
dihydroxide (115 mg, 0.2 mmol) in anhydrous pyridine (11 ml) 
was added chlorodimethylpentaf luorophenylsilane (376 ^L, 2.0 
mmol) and the mixture was refluxed with stirring on an oil 
bath at 130 °C for 5 hours. The dark green solution was 
®H®wed to cool and was evaporated. The residue was purified 
on a Silica gel 60 A column equilibrated in hexane. The 
product was eluted with toluene as a dark blue band. The 
eluate containing the product was evaporated, the residue was 
treated with hexane (10 ml) and the dark blue solid product 
was filtered, washed with hexane and was dried under vacuum 
to afford 73 mg of the title compound. 



I 


219/099 

-50- 

Example 7 

Synthesis of Silicon 2 , 3-Naphthalocyanine Dihydroxide 
(Hereinafter sometimes referred to as NaPcSi hydroxide) 

A suspension of silicon 2, 3-naphthalocyanine 
5 dichloride (280 mg, 0.34 mmol) in pyridine (10 ml) and water 

(10 ml) was refluxed with stirring on an oil bath at 130 °C 
for 24 hours. After cooling to room temperature, the dark 
green solid product was filtered and, the residue was washed, 
successively, with water (5 ml) and acetone (2 ml) . The 
10 product was dried under vacuum to afford 217 mg of the title 

compound . 

y Example 8 

:■ i : Synthesis, of_ Silicon 2 . 3-Naphthalocyanine 

. r k.i.s_(-dimethylvinvlsilvloxide) (Hereinafter sometimes referred 

^ to. as NaPcSi vinyl) 

■;3; To a suspension of silicon 2 , 3 -naphthalocyanine 

dihydroxide (87 mg, 0.11 mmol) in anhydrous dimethylf ormamide 
(1 ml) was added chlorodimethylvinylsilane (0.042 ml, 0.3 
y:20 mmol), followed by imidazole (14 mg, 0.2 mmol) . The mixture 

was stirred under argon at room temperature for 24 hours. 

The solvent was evaporated and the residue was purified on a 
Silica gel 60 A column which was equilibrated in hexane. The 
product was eluted with toluene as a green band. The toluene 
25 fraction containing the product was evaporated and the 

residue was treated with hexane. The dark green solid was 
filtered, washed with hexane and was dried under vacuum to 
afford 26 mg of the title compound. 
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5 To a suspension of silicon 2 , 3 -naphthalocyanine 

dihydroxide (87 mg, 0.11 mmol) in anhydrous pyridine (5 ml) 
was added chlorodimethylpentaf luorophenylsilane (0.188 ml, 1 
mmol) . The mixture was refluxed with stirring on an oil bath 
at 130 °C for 5 hours. After cooling, the solvent was 
10 evaporated and the residue was purified on a Silica gel 60 A 

column which was equilibrated in hexane. The product was 
eluted with toluene as a green band. The toluene fraction 
containing the product was evaporated and the residue was 
treated with hexane. The dark green solid was filtered, 

15 washed with hexane and was dried under vacuum to afford 23 mg 

of the title compound. 


:V20 


25 


30 



The various dyes were loaded into latex particles 
of varying sizes according to the general procedures outlined 
below. The procedures described involve swelling latex 
particles with aqueous solutions of either tetrahydrofuran or 
dimethyl formamide prior to addition of the dye solutions. 
Latex particle sizes used range from 67 nm to 783 nm and one 
skilled in the art recognizes that smaller and larger 
particles can be used. Tables 1 and 2 of Example 15 below 
show the aqueous organic solvent system and the optimum dye 
concentration which were used for the loading into particle:; 
for each dye pair or for hybrid phthalocyanine derivatives, 
respectively, of a selected number of dyes. One skilled in 
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the art recognizes that many changes can be made to these 
procedures to prepare particles with different degrees of 
fluorescence intensities and quenching by loading higher or 
lower amounts of dye in the particles and also by changing 
the ratios of each dye pair to the other. One skilled in the 
art also recognizes that similar techniques are useful for 
incorporation of dyes into latex particles, for example, as 
described in U.S. Patents 4 , 199,363 and 4,368,258. 

Surfactant -free polystyrene sulfate latex particles 
in sizes ranging from 67 nm to 783 nm and carboxyl -modified 
latex ( " CML " ) particles ranging from 200 nm to 400 nm 
particles were obtained through Interfacial Dynamics Corp . 
Inc., Portland OR. 

Method 1 Utilising Tetrah y drofuran 
a * 20% Tetrahydrofuran 

Tetrahydrofuran (0.09 ml) was added, dropwise over 
a 5 minute period, to a stirring solution of 0.5 ml of 2.0% 
solids of latex particles at room temperature. The latex 
suspension was stirred at room temperature for an additional 
30 minutes to swell the latex. The dye solution (0.01 ml), 
which consists of one or more dyes at an appropriate 
concentration in tetrahydrofuran, was added dropwise over 5 
minutes to the stirred latex solution, to give the loading 
dye concentration (in a 0.6 ml volume) as indicated in Table 
1. The latex-dye solution was stirred at room temperature 
for 30 minutes in the dark. The latex solution was then 
transferred to dialysis tubing (Spectra-por, 12 - 14,000 
molecular weight cutoff, Spectrum, Houston, TX) and the dye- 
latex solutions were dialyzed against water for 12-15 hours 
at 4 C. The dye- latex solution was removed from dialysis and 
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the % solids of the solution was calculated from the final 
volume after dialysis and the starting solids concentration. 

b. 50% Tetrahydrofuran 

Tetrahydrofuran (0.20 ml) was added, dropwise over 
a 5 minute period, to a stirring solution of 0.24 ml of 4.1% 
solids of latex particles at room temperature . The latex 
suspension was stirred at room temperature for an additional 
30 minutes to swell the latex. The dye solution (0.06 ml), 
which consists of one or more dyes at an appropriate 
concentration in tetrahydrofuran, was added dropwise over 5 
minutes to the stirred latex solution, to give the loading 
dye concentration (in a 0.5 ml volume) as indicated in Table 
1. The latex-dye solution was stirred at room temperature 
for 30 minutes in the dark. The latex solution was then 
dialyzed and analyzed according to the procedures outlined in 
the 20% tetrahydrofuran method. 

c. 70% Tetrahydrofuran 

Tetrahydrofuran (0.29 ml) was added, dropwise over 
a 5 minute period, to a stirring solution of 0.15 ml of 6.7% 
solids of latex particles at room temperature . The latex 
suspension was stirred at room temperature for an additional 
30 minutes to swell the latex. The dye solution (0.06 ml), 
which consists of one or more dyes at an appropriate 
concentration in tetrahydrofuran, was added dropwise over 5 
minutes to the stirred latex solution, to give the loading 
dye concentration (in a 0.5 ml volume) as indicated in Table 
1. The latex-dye solution was stirred at room temperature 
for 30 minutes in the dark. The latex solution was then 
dialyzed and analyzed according to the procedures outlined in 
the 20% tetrahydrofuran method. 
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Method 2 Utilizing Dimethylformamide 
a. 50% Dimethylformamide 

Dimethylformamide (0.20 ml) was added, dropwise 
5 over a 5 minute period, to a stirring solution of 0.24 ml of 

4.1% solids of latex particles at room temperature. The latex 
suspension was stirred at room temperature for an additional 
30 minutes to swell the latex. The dye solution (0.06 ml), 
which consists of one or more dyes at an appropriate 
10 concentration in dimethylformamide, was added dropwise over 5 

minutes to the stirred latex solution, to give the loading 
dye concentration (in a 0.5 ml volume) as indicated in Table 
1* The latex-dye solution was stirred at room temperature 
X for 30 minutes in the dark. The latex solution was then 

15 transferred to dialysis tubing (Spectra-por, 12-14,000 

molecular weight cutoff. Spectrum, Houston, TX) and the dye- 
latex solution was dialyzed against water for 12-15 hours at 
-f- 4°c. The dye -latex solution was removed from dialysis and 

r: the % solids of the solution was calculated from the final 

20 volume after dialysis and the starting solids concentration. 

b. 70% Dimethylformamide 

Dimethylformamide (0.29 ml) was added, dropwise 
over a 5 minute period, to a stirring solution of 0.15 ml of 
25 6.7% solids of latex particles at room temperature. The latex 

suspension was stirred at room temperature for an additional 
30 minutes to swell the latex. The dye solution (0.06 ml), 
which consists of one or more dyes at an appropriate 
concentration in dimethylformamide, was added dropwise over 5 
30 minutes to the stirred latex solution, to give the loading 

dye concentration (in a 0.5 ml volume) as indicated in Table 
l. The latex-dye solution was stirred at room temperature 

i 
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for 30 minutes in the dark. The latex solution was then 
dialyzed and analyzed according to the procedures outlined in 
the 50% dimethylf ormamide method. 


5 Example 11 

Effect of Varying Dye Loading Concentration on Fluorescence 
Intensity and Optimization of Fluorescence Intensity Latex 
Particles 

The incorporation of dye into latex particles must 
10 be optimized in order to achieve the maximum fluorescence 

intensity and to minimize the degree of fluorescence 
quenching of the dye molecules . Fluorescence quenching can 
be significant because of the close proximity of the dye 
molecules in the particles. The PcSi vinyl was incorporated 
15 into 67 nm latex particles (polystyrene sulfate from 

Interfacial Dynamics Corp. (IDC) , Inc., Portland, OR) using 
method i (example 10) at various concentrations as indicated 
in the table below. The dye latex particles were diluted to 
0.0019% solids in either water or tetrahydrof uran for each 
20 dye concentration. The solutions were excited at 350 nm and 

the emission at 680 nm was measured. The percent quenching 
in the particles is: (1 - [fluorescence intensity in water 

divided by the intensity in the organic solvent] ) x 100 . The 
table below shows the fluorescence intensities as a function 
of dye loading concentrations and quenching for each 
condition. 



25 
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Loadina Dye 
-Concent ration 


imq/ml) 

Intensity 

(680 nm) 

Ouenchincr (%) 

0 . 01 

420 


41 

0.025 

489 


65 

0 . 05 

492 


73 

0 . 075 

401 


76 

0 . 1 

338 


83 

0 . 15 

197 


87 

0 . 3 

91 


90 

0.9 

34 


96 

These results 

show that an 

optimum 

loading dye 


concentration gives the highest fluorescence intensities and 
the lowest quenching. In this case, a dye concentration of 
between 0.025 and 0.05 mg/ml in the loading solution gives 
the best intensity and the least quenching. Less dye than 
0.025 mg/ml gives less intensity and less quenching because 
the spacing of the dyes begins to significantly increase and 
more dye than 0.05 mg/ml gives less intensity and more 
quenching because of the increased closeness of the dyes in 
the particles. This type of experiment illustrates the 
procedure for optimization of fluorescence intensity and for 
minimizing quenching. 

Example 12 

S srif ication Of Fluores ce n ce Energy Transfer in T,at-ey ' 
Particles 

The latex particles which were incorporated with 
various dyes for energy transfer were diluted to 0.06% to 
0.001% solids in water and either tetrahydrof uran or 
dimethyl formamide and the solutions of equal solids con- 
centrations were excited at wavelengths which corresponded to 
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the approximate excitation maximum of the donor dye. The 
particles were diluted into organic solvents in order to 
liberate the dyes from the latex, and therefore, disrupt any 
energy transfer process between the dyes in the particles. 

5 The fluorescence of the solutions in water and organic 

solvent at the emission maximum of the acceptor dye or dyes 
were recorded and compared. Fluorescence energy transfer was 
defined as significant when the emission intensity of the 
acceptor was at least 5- fold higher in water than in the 
10 organic solvent . 


Example 13 

Effect-Of ...Varying Donor Dye Concentration With Respect to 
15 Acceptor Pve Concentration in Latex Particles on the 

Fluorescence Intensity of the Particles 

Meso-tetra-2-dimethylaminophenyl porphyrin was made 
as follows. To a stirring solution of meso-tetra-2- 
aminophenyl porphyrin (100 mg, 0.15 mmol) and 37% aqueous 
20 formaldehyde (500 /xL, 6.0 mmol) in tetrahydrofuran (2.5 ml 

was added sodium cyanoborohydride (114 mg, 1.8 mmol). The 
mixture was then treated with a glacial acetic acid (60 /xL) 
over 10 minutes and stirred at room temperature for 3 hours . 
More glacial acetic acid (60 /xL) was added and the mixture 
25 stirred a further 1 hour at room temperature. The mixture 

was evaporated and the residue was purified on a Silica gel 
60 A column which was equilibrated in toluene. The product 
was eluted with toluene/1% isopropanol as a dark brown band. 
The fraction containing the product was evaporated and the 
ink-blue solid residue dried under vacuum to afford fj 'j mg <>! 
the title compound. 
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Meso-tetra-2-dimethylaminophenyl porphyrin (Tdap 
synthesized from the meso-tetra-2 -aminophenyl porphyrin which 
was obtained through Porphyrin Products, Inc. Logan, UT) and 
PcSi vinyl (example 4) were incorporated into 67 nm latex 
particles (polystyrene sulfate latex from Interfacial 
Dynamics Inc., Portland, OR) using the tetrahydrof uran method 
1 of example 10. The molar ratio of the Tdap to the PcSi 
vinyl varied from 1/1 to 2/1 to 6/1 in the latex loading 
solutions while maintaining a constant mass (0.1 mg/ml) of 
PcSi vinyl in each solution. The dialyzed particles were 
diluted to 0.0019% solids in water and the fluorescence 
intensity at 680 nm of the PcSi vinyl was measured as a 
function of excitation wavelength between 350 nm and 470 nm. 
The excitation maximum of the Tdap is 430 nm and of the PcSi 
vinyl is 350 nm. The emission maximum of the Tdap is 650 nm. 
The table below shows the results . 

Tdap/PcSi vinyl Excitation A (nm) Fluorescence 

Intensity at 
680 nm 


1/1 

350 

490 

1/1 

430 

83 

1/1 

450 

38 

1/1 

470 

11 

2/1 

350 

580 

2/1 

430 

830 

2/1 

450 

460 

2/1 

470 

220 

6/1 

350 

600 

6/1 

430 

1800 

6/1 

450 

800 

6/1 

470 

200 


These results show that as the molar ratio of donor to 
acceptor in the latex particles increases from l/l to 6/1, 
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the energy transfer, as measured by the fluorescence 
intensity of the acceptor dye, becomes significantly more 
efficient. There was no observable emission of the Tdap dye 
in the particles at the emission maximum of 650 nm suggesting 
5 'that the energy transfer is very efficient. The data 

indicates that the fluorescence intensity of the latex 
particles, generated through an energy transfer pathway, is 
affected by the "light gathering" capability of the donor 
dye. Thus, optimization of the fluorescence intensity of the 
10 latex particles should involve changing the molar ratio of 

donor to acceptor. 


Example 14 

Effect of Incorporation of Different Dyes on Quenching and 
15 Fluorescence Intensity of Latex Particles 

Five different silicon phthalocyanines, synthesized 
as described in examples 2-6, were incorporated into 67 nm 
surfactant-free, polystyrene latex particles (Interfacial 
Dynamics Corp. Inc. Portland, OR) in sets of 1, 3 or 5 dyes 
20 according to the following methods. Each silicon 

phthalocyanine derivative had maximum excitation and emission 
wavelengths at 350 nm and 680 nm, respectively. After 
preparation of each dye- latex, each suspension was diluted to 
0.057% solids in either water or tetrahydrofuran. The dye- 
25 latex solutions were excited at 350 nm and the fluorescence 

intensity at 680 nm was measured. The intensity of 
fluorescence in water divided by the intensity of 
fluorescence in tetrahydrofuran minus 1 is the degree of 
quenching of the dyes in the latex particles . 

Preparation of One Phthalocyanine Dye in Latex 
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A solution of PcSi pentafluoro dye (0.02 mg} in 
tetrahydrofuran (0.1 ml) was added dropwise over 5 minutes to 
a stirred 2% solids solution of latex particles (1.0 ml). The 
latex suspension was stirred at room temperature for 6 hours, 
5 then transferred to dialysis tubing (Spectra-por , 12-14,000 

molecular weight cutoff, Spectrum, Houston, TX) and the dye- 
latex solution was dialyzed against water for 12-15 hours at 
4 °C. The dye-latex solution was removed from dialysis and 
the solids concentration was adjusted to 1.6%. 

10 

P^epajraJiioru^of^Three Phthalocyan i ne Dy_es_ in Latex 

A solution which consists of PcSi pentafluoro, PcSi 
trihexyl and PcSi cyano dyes in equimolar amounts to total 
0.02 mg dye in tetrahydrofuran (0.1 ml), was added dropwise 
15 over 5 minutes to a stirred 2% solids solution of latex 

particles (1.0 ml). The latex suspension was stirred at room 
temperature for 6 hours, then transferred to dialysis tubing 
(Spectra-por, 12-14,000 molecular weight cutoff, Spectrum, 
Houston, TX) and the dye-latex solution was dialyzed against 
20 water for 12-15 hours at 4 °C. The dye-latex solution was 

removed from dialysis and the solids concentration was 
adjusted to 1.6%. 


25 


30 


Preparation of Five Phthalocyanine Dyes in Latex 

A solution which consists of PcSi pentafluoro, PcSi 
trihexyl, PcSi cyano, PcSi vinyl and PcSi methyl ester dyes 
in equimolar amounts to total 0.02 mg dye in tetrahydrofuran 
(0.1 ml), was added dropwise over 5 minutes to a stirred 2% 
solids solution of latex particles solution (1.0 ml). The 
latex suspension was stirred at room temperature for 6 hours, 
then transferred to dialysis tubing (Spectra-por, 12-14,000 
molecular weight cutoff. Spectrum, Houston, TX) and the dye- 
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latex solution was dialyzed against water for 12-15 hours at 
4 C. The dye-latex solutions were removed from dialysis and 
the % solids concentration was adjusted to 1.6%. 

The table that follows illustrates the results of 
the fluorescence experiments. 


D.ves Entrapped 
1 
3 
5 


Intensity 

413 

561 

747 


% Quenching 
72 
56 
49 


The data show that as the number of different dyes entrapped 
into the latex goes from 1 to 3 to 5, the fluorescence 

increases because the quenching in the particles 

decreases . 


Example 15 

Preparation and Characterizat i on of Fluorescence Energy 

Transfer Pye — Latex — [Table 11 and F luorescent Latfix 

Incorporating Hybrid Phthalocyani n e Derivatives (Table 2 ) 

A variety of fluorescent energy transfer latexes 
were prepared with various donor and acceptor dye molecules. 
Table 1 shows the loading concentrations of the respective 
donor and acceptor dyes, the mole ratio of the donor and 
acceptor dyes, the dye loading solvent system as described in 
Example 10 and the excitation and emission wavelengths and 
the fluorescence intensity for each particle size at the 
specified solids concentration. For some of the energy 
transfer latexes, the same dye pair was incorporated into 
different diameter latexes. The fluorescence energy t". ran?; for 
iciency of the entries is greater than 80%. The dye 
system represented in line 56 is a fluorescence energy 
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transfer compound (FET compound) so that the donor and 

acceptor pair reside in the molecule before incorporation 
into latex. 

Table 2 shows the characteristics of latex 
particles incorporated with hybrid phthalocyanine derivatives 
as described in Example 10 and the fluorescence intensity at 
the specified solids concentration. 




LO 


O 


LO 




cyanine 

bis(dimethyl- 

vinylsilyloxide) 






































219/099 



in 


o 

rH 


















































219/099 























ID 


o 

t — i 


phthalocyanine 

bis(dimethyleth 




219/099 


I 



o 



I 


CP i 
CP| 

o 

CPi 
I — i 

CN 


I 

0 
> 

1 



LO 


o 


LO 




LO 


O 
i— I 


LO 
i— I 


►enel 




fluoroscein) 

FET 

COMPOUND 






in 


o 


in 


methylhexylviny 

Isilyl-oxide) 




o 


ethylene-thiatri- 

carbocyanine 

perchlorate 



219/099 





LO 


O 

i— 1 


10, 1 2-ethylene- 
thiatricarbo* 
cyanine 
perchlorate 




LO 


O 

















LO 


O 


bis{dimethylhex 

ylvinylsilyloxide) 




LO 


O 


in 

» — i 


e)l (2,3* 
naphthalocyanin 




lh 


o 

H 






























hybrid compound 



















































LT) 


O 


in 


o 

CN 











































219/099 


-87- 

Examole 16 

Adsorption of Anti -Human Chorionic Gonadotropin (hCG) 

Antibody to Latex Particles 

A typical example of the adsorptions of an antibody 
to dyed latex particles, prepared as described in Example 10, 
and of a complementary antibody to undyed latex particles, 
both of which can be used in a sandwich assay for hCG, is 
outlined below. Those skilled in the art will recognize that 
various techniques are available to adsorb or to covalently 
couple proteins, peptides, ligand analogues nucleotides and 
nucleic acids to latex particles. A solution of dye latex 
(0.1 ml, 2-? solids, 412 nm; entry 10, Table 1) was added 
quickly while vortexing to a solution of anti-3 hCG 
monoclonal antibody (0.2 ml, 6.6 mg/ml; Applied Biotech Inc., 
San Diego, CA) in 20 mM sodium borate/150 mM sodium chloride, 
pH 8.2. A solution of 0.1 M potassium citrate, pH 3 , (0.04 

ml) was added quickly while vortexing to the antibody latex 
solution at room temperature and the pH of the resulting 
solution was 3.5. The solution incubated at room temperature 
for 5 minutes, then a solution of 2 M potassium borate, pH 
9.7 (0.025 ml) was added quickly while vortexing to bring the 
pH to about 8.5. This latex antibody conjugate was dialyzed 
(Spectra-por dialysis tubing, molecular weight cutoff of 
300,000, Spectrum, Houston, TX) against 4 changes of 2 L each 
of 20 mM sodium borate/150 mM sodium chloride, pH 8.2 at 4°C 
for 4 days. The dialyzed latex conjugate was then removed 
from the dialysis tubing and the solids concentration was 
calculated to be 0.4%. This conjugate can be used for 
immunoassays for hCG in serum. The latex has excitation and 
emission wavelengths of 650 nm and 780 nm, rospeci j Vf .| y . 

A solution of polystyrene sulfate latex (0.036 ml, 
8.4% solids, 1000 nm; Interfacial Dynamics Corp . , Inc., 
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Port land OR) was added quickly, at room temperature, while 
vortexing to a solution consisting of anti-a hCG monoclonal 
antibody (0.12 ml, 10.3 mg/ml; Applied Biotech Inc. San 
Diego, CA) in 20 mM sodium borate/150 mM sodium chloride, pH 
8.2 and 0.1 M potassium citrate, pH 3 , (0.6 ml) . The solution 

incubated at room temperature for 5 minutes and was subjected 
to centrifugation in an Eppendorf centrifuge (2000xg for 5 
min) . The supernatant was removed, the pellet was 
resuspended in 0.1 M potassium phosphate, pH 7, (1.5 ml) and 

the suspension was subjected to centrifugation as described 
above. This process was repeated 2 times more and in the 
final centrifugation, the pellet was resuspended with 0.1 M 
potassium phosphate, pH 7 (0.3 ml) to make 1% solids. This 
antibody latex is used on a solid phase, such as a membrane, 
to capture the hCG-dye antibody latex conjugate complex in a 
reaction mixture in an immunoassay for hCG. 

Example 17 
.Immuno assay for hCG 

The solid phase anti- 0 £ hCG latex solution (0.005 
ml, 1% solids; example 16) can be applied to a 2 cm 2 piece of 
0.45 micron nylon membrane (Millipore Corp., Boston, MA) 
which has been treated with a 2% solution of condensed milk 
to lower non-specific binding interactions. This membrane 
can be used as the solid phase onto which is captured the hCG 
latex conjugate complex. Thus, an hCG assay can be 
performed by addition of dye latex conjugate (0.025 ml, 
example 16) to 0.1 ml samples of serum suspected of 
containing hCG and also to 0.1 ml serum samples containing 
known amounts of hCG (io, 10 0, 300, 500 and 1000 miu/mi) 

The serum samples should be incubated about 10 minutes and 
then the samples are applied to the solid phase membrane 
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containing the solid phase latex. The membrane should be 
placed over an absorbent so that the serum sample containing 
the dye latex conjugates flows through the solid phase latex 
spot. After the serum solution has passed through the 
membrane, serum (0.5 ml) not containing the dye latex 

is applied to the membrane to remove unbound dye 
latex conjugate. The latex spots on the membranes are then 
placed in a front surface fluorescence accessory in a 
fluor'ometer and the spot is excited at 65 0 nm and the 
intensity of the spot on each membrane is 
measured at 780 nm. The fluorescence intensity as a function 
of the hCG concentrations of the known samples is plotted. 

The fluorescence intensities of the unknown hCG serum samples 
can be compared to the known hCG concentrations from the 
graph. The assay protocol of this Example may be performed 
using conjugates comprised of water soluble hybrid 
phthalocyanine derivatives and, for example, proteins, 

polypeptides, antibodies, nucleic acids and the like, instead 
of the dye latex conjugates. 


Example is 

Zl- U , prometer for Wea ring Nea r Infrared Emitting nyoo 

The dye sample (2 ml sample volume in a 10 mm X 10 
mm quartz cuvette) was excited by a diode laser (Sun Laser 
SL-6; 1 = 670 +/- 10 nm, 0.95 mW) which was filtered by a 
low-pass cutoff filter (Corion LS700, passes wavelengths less 
than 700 nm) . Fluorescence emission was detected at 90° to the 
incident diode laser beam. The emitted light was collected 
and focused on a silicon photodiode (Melles Griot, Cat. # 
13DS1009) by a condenser consisting of two aspheric lenne:; 
(Melles Griot, Cat # 01 LAG 119) . A high-pass cutoff filter 
(Schott Glass RG715) in front of the Silicon photodiode 



219/099 


-90- 

blocked scattered laser light at 670 nm but passed emitted 
light at wavelengths larger than 715 nm . The photocurrent 
from the silicon photodiode was amplified and displayed by a 
current amplifier in nanoamps ("nA"), (Melles Griot, Cat. # 
13 AMP 003) . In some instances, 12 nm band filters were 
placed in front of the silicon photodiode with center 
wavelengths at 730 nm, 790 nm, 850 nm, and 900 nm. 


Example 19 

iS ynthe . SIS Of Silicon 2 . 3 -Na phthalocyanine bis (diphenyl - 

vinvlsilvl -oxide) 

A suspension of silicon 2 , 3 -naphthalocyanine 
dihydroxide (39 mg, 0.05 mmol) in dimethylformamide (0.5 ml) 
containing diphenylvinylchlorosilane (28 /xL, 0.125 mmol) and 
imidazole (7 mg, 0.1 mmol) was stirred under argon at room 
temperature for 18 hours. The reaction mixture was 
evaporated and the residue purified on a silica column 
equilibrating with hexane and eluting the product with 
toluene as a long green band. The toluene fraction 

containing the product was evaporated to afford 5 mg green 
solid. 

Example 20 

S ynthesis of Silicon 2 . 3 -Naph t halocyanine bis ( trinhenvl - 
Silvloxide) 

A suspension of silicon 2, 3 -naphthalocyanine 
dihydroxide (39 mg, 0.05 mmol) in dimethylformamide (1 ml) 
containing triphenylchlorosilane (37 mg, 0.125 mmol) and 
imidazole (7 mg, 0.1 mmol) was stirred under argon at room 
temperature for 18 hours. The reaction mixture was 
evaporated and the residue purified on a silica column 
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equilibrating with hexane and eluting the product with 
toluene as a green band. The toluene fraction containing the 
product was evaporated to afford 2.5 mg green solid. 

Example 21 

.Synthesis of Silicon 2 . 3-Naphthalocvanine bis (dimethyl - 
maleimidoetho xvsilvloxide) 

A suspension of silicon 2 , 3 -naphthalocyanine 
dihydroxide (39 mg, 0.05 mmol) in dimethylformamide (1 ml) 
containing dichlorodimethylsilane (13.5 /iL, 0.11 mmol) and 
imidazole (14 mg, 0.2 mmol) was stirred under argon at room 
temperature for 18 hours. The reaction mixture was then 
treated with N- (2-hydroxyethyl) maleimide (35 mg, 0.25 mmol) 
and stirred for an additional 10 hours. The reaction mixture 
was evaporated and the residue purified on a silica column 
equilibrating with hexane, then toluene and eluting the 
P ro ^ uc t with toluene/10% isopropanol as a green band. The 
eluate containing the product was evaporated to afford 3.5 mg 
of green solid. 

Example 22 

S ynthes i s of Silicon 2 . 3-Na p hthalocvani ne bis (dimethyl - 
.Sllvloxide-trans -st ilbene) 

A suspension of silicon 2 , 3 -naphthalocyanine 
dihydroxide (39 mg, 0.05 mmol) in dimethylformamide (l ml) 
containing dichlorodimethylsilane (13.5 (J.L , , o.n mmol) and 
imidazole (14 mg, 0.2 mmol) was stirred under argon at room 
temperature for 2 hours. The reaction mixture was then 
treated with trans-4-hydroxystilbene (49 mg, 0.25 mmol) and 
Stirred for an additional 5 hours. The reaction mixture w., : ; 
evaporated and the residue purified on a silica column 
equilibrating with hexane and eluting the product with 
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toluene as a long green band. The toluene fraction 
containing the product was evaporated to afford 4 mg green 
solid. 

Efts wp . le . 2 3. 

Synthesis of Silicon 2 . 3-Naohthalocvanine bis (dimethyl - 
hexylvinyl-silyloxide) 

A suspension of silicon 2 , 3 -naphthalocyanine 
dihydroxide (39 mg, 0.05 mmol) in dimethylf ormamide (1 ml) 
containing 7-oct-l-enyldimethylchlorosilane (32 pLh, 0.125 
mmol) and imidazole (7 mg, 0.1 mmol) was stirred under argon 
at room temperature for 18 hours. The reaction mixture was 
evaporated and the residue purified on silica column 
equilibrating with hexane and eluting the product with 
toluene as a green band. The toluene fraction containing the 
product was evaporated and the residue treated with hexane to 
afford a dark green solid and light green supernatant. The 
mixture was centrifuged, the supernatant removed and the 
solid treated with more hexane and centrifuged. The 
supernatant was again removed and the solid dried under 
vacuum to yield 7.3 mg of product. 

Example 24 

S ynthesis Of Silicon 2 . 3 -Naphth a locyanine bis(tridenaf]iirvrn- 
1 . 1 . -3 ■ 2 -tetra hydrooctvl -1 -dimethyls ilvloxi ds) 

A suspension of silicon 2 , 3 -naphthalocyanine 
dihydroxide (39 mg, 0.05 mmol) in dimethylf ormamide (l ml) 
containing (tridecafluoro-1, 1, 2, 2- tetrahydrooctyl) -l- 
dimethylchlorosilane (37 /zL, 0.1 mmol) and imidazole (7 mg, 

0.1 mmol) was stirred under argon at room terripe ra t u ro for a 
hours. The reaction mixture was evaporated and the residue 
purified on a silica column equilibrating with hexane and 



219/099 


-93- 

eluting with hexane/20% toluene followed by hexane/40% 
toluene to afford the product as a green band. The product 
eluate was evaporated and the residue treated with hexane to 
afford a green solid. The mixture was centrifuged, the 
supernatant removed and the solid treated with more hexane 
and recentrifuged. The supernatant was again removed and the 
green solid" dried under vacuum to yield 7.5 mg of product. 

Example 25 

■ Synthesis of silicon 2 , 3 -Naphthalocyanine bis (dimethyl - 
retinol) 

A suspension of silicon 2 , 3 -naphthalocyanine 
dihydroxide (39 mg, 0.05 mmol) in dimethylf ormamide (1 ml) 
containing dichlorodimethylsilane (13.5 O.n mmol) and 

imidazole (14 mg, 0.2 mmol) was stirred under argon at room 
temperature. After 20 minutes, the reaction mixture was 
treated with all-trans-retinol (72 mg, 0.25 mmol) and stirred 
for an additional 1 hour. The reaction mixture was 
evaporated and the residue purified on a silica column 
equilibrating with hexane and eluting the product with 
toluene as a long green band. The toluene fraction 
containing the product was evaporated and the residue treated 
with hexane to yield a dark green solid and light green 
supernatant. The mixture was centrifuged, the hexane removed 
and the solid dried under vacuum to yield 10 mg of final 
product . 

Example 2S 

Sy nthesis ., , of Silicon dv) s , 9 . 14 . 1 8 . 23 . 27 . 3? . 3fi-nrt- a ^hnv y - 

2.^. 3 -naphthalocyan ine d l chlori de (abhrsviai^r] r \ .<•; • n; { 
QGtflethoxy-? t 3 “naphthaloc y anine dichloride) ) 
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4,9-Diethoxy-l,3-diiminobenz [f] isoindoline (0.6 g) 
was added under argon to freshly distilled quinoline (12 ml) . 
After stirring for 10 minutes, silicon tetrachloride (4.0 ml) 
was added and the reaction mixture was heated at 190 “C for 1 
hour. The reaction mixture was cooled to room temperature, 
and water (120 ml) was added slowly to hydrolyze the 
unreacted silicon tetrachloride. The blue-black precipitate 
was filtered off and washed sequentially with methanol (5 
ml) and acetone (5 ml) . 

UV-vis (methylene chloride) (>w x nm) ) : 768, 869. 

Example 27 

Synthesis of silicon (IV) 5 . 9 . 14 . is , 23 . 27 . 32 . ^-nrf a ^hnv V - 
2 . , 3 -nflphthaloevanine dihvdroxid e (abbreviated as; s-il-ir-r^n 
gCtaethOXy-2 . 3-naphthalocy a nine dihvdrox-i de) 

A suspension of silicon octaethoxy- 2 , 3 -naphthalene 
dichloride (1.96 g) in pyridine (15 ml) containing water (15 
ml) was refluxed for 18 hours. The suspension was cooled, 
the black precipitate filtered and washed with water (10 ml) 
The precipitate was dried under vacuum and weighed (1.37 g, 
purple powder) . 

UV-vis (methylene chloride) (A max (nm)): 766, 867. 


Example 28 

S ynthesis of silicon (IV) 5,9.14.18.27.^ 36-oct-aet w Y _o 
na phtha l ocyanine bis (7-oct-l-envl dimethyl siiviox-iri^ 
-( abbreviated as; silicon octaethoxv-2 . 7 - n aphtha lo^van-in^ 

22 J-S (diwethvlhexvlvin y lsilvl oxide) ) 

A suspension of silicon IV octaethoxy- 2 , 3 - 
naphthalocyanine dihydroxide (1.0 g) in dirnothyilorm.ini 1 Uo 
ml) containing 7-oct -1 -enyldimethylchlorosi lane (0.6 ml) and 
imidazole (140 mg) was stirred under 


argon at room 
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temperature for 24 hours. The reaction mixture was 
evaporated with a rotary evaporator, chromatographed on a 
silica gel (70-230 mesh, 60 A,) column (2x50 cm) equilibrated 
in hexane. The product was eluted sequentially with hexane 
and hexane - t oluene (1 :1) ) , vacuum dried, and weighed (46 mg). 

UV-vis (tetrahydrofuran) (A max (nrn), e (M^cnr 1 ) ) : 855, 

370000. 

Infrared Spectrum (KBr) : 3074, 2958, 2924, 2854, 

1589, 1417, 1373, 1348, 1262, 1238, 1194, 1161, 1111, 1044, 

1025, 933, 909, 844, 799, 760 cm' 1 . 

X H-NMR (500 MHz, CDCl 3 ) : 5 9.0 (m, 2,5-Nc), 7.9 (m, 

3,4-Nc), 5.3 (m, -CH 2 ) , 4.6 (m, vinyl -CH 2 ) , 3.5 (m, vinyl 
CH), 1.8 (m, -CH 3 ) , 1.3 (m, e -CH 2 ), 0.5 (m, 6 -CH 2 ) , 0.1 

(m, Y ~CH 2 ) , -0.8 (m, 3 -CH 2 ) , -1.7 (m, a -CH 2 ) , -2.3 (s, 

-CH 3 ) . 

Example 29 

S ynthSSIS Qf Sil i con , Phthalocvanine h is (dimethyl mal ei mido- 
f luorescein) 

Fluorescein ATP (0.5 mg, 1.05 /imol) was treated 
with a solution of 0.12 M potassium carbonate in 80% methanol 
(52 iih) . After 5 minutes, the hydrolysis solution was 
quenched by the addition of 0.5 M potassium phosphate/0.1 M 
potassium borate, pH 7 . 0 in 1 N HCl (10 M L) . The quenched 
hydrolysis solution was evaporated to dryness, redissolved in 
dimethylformamide (100 [x L) and the resulting solution added 
to silicon phthalocyanine bis (dimethylmaleimidosilyloxide) in 
a 1.0 ml serum vial. The reaction mixture was then stirred 
at room temperature for 1 hour. The crude product was then 
chromatographed on two 3" X 3" silica plates using 
toluene/20% dimethylformamide. After elution, the plates 
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were dried under vacuum and rechromatographed for a better 
separation. The product band was scraped off, and treated 
with dimethylformamide (5 ml) , vortexed 30 seconds and 
filtered from the silica. The filtrates were evaporated to 
give 0.55 mg of greenish fluorescent solid. 

Example 3Q 

Sy nthesis- of Tin (IV) 5.9.14.18.23,27.32. 36-octabutoxv-2 . 3 - 
naphthalocyanine bis (triethyl silvloxide) ) 

A mixture of triethylsilanol (77 /xL) , sodium (3.5 
mg), and xylenes (5 ml) was refluxed under argon for 1 hour. 
A solution of Tin (IV) octabutoxy-2 , 3 -naphthalocyanine 
dichloride (74 mg) in xylenes (5 ml) was added to the 
solution formed and the mixture was refluxed for 20 minutes. 
The resultant was washed twice with water (25 ml each time) , 
dried (MgSO«) , and evaporated to a dark red solid with a 
rotary evaporator . This solid was chromatographed on a 
s ili ca gel (70-230 mesh, 60 A,) column (2x50 cm) equilibrated 
in hexane and eluted sequentially with toluene and toluene- 
10% isopropanol. The product was vacuum dried, and weighed 
(17 mg) . 

UV-vis (tetrahydrofuran) (A„ x (nm) , e (M^cnr 1 ) ) : 

900, 174000. 

Example 31 

S ynthesis of Tin(IV) 2 . 3 -n aphthalocvan i ne 

b-is (triethvlsilyl ox-id,*) 

A mixture of triethylsilanol (77/zL) , sodium (3.5 
mg), and xylenes (8 ml) was refluxed under argon for 1 hour. 
Tin (IV) 2, 3 -naphthalocyanine dichloride (45 mg) was added t.o 
the solution formed, and the mixture was refluxed for 5 days. 
The suspension was filtered, and the solid was washed 
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sequentially with xylenes and water, vacuum dried, and 
weighed (41 mg) . The solid was chromatographed on a silica 
( 70-230 mesh, 60 A, ) column (2x50 cm) equilibrated with 
methylene chloride and eluted sequentially with methylene 
chloride - 20% tetrahydrofuran, methylene chloride - 50% 
tetrahydrofuran and finally tetrahydrofuran . The product was 
triturated with hexane (2 ml) , vacuum dried, and weighed (26 
mg) . 

UV-vis (tetrahydrofuran) (A max (nm) , e (M^cm* 1 ) ) : 700; 

74 6 ; 786 , 253000 . 

Fluorescence (tetrahydrofuran) (A max (nm) ) : 820. 

Example 22 

Of Tin (IV) 2 ,3-naphtha l o cvanine bisf7-oct-l- 

, enyldl . methyl . SJ.lyloxide) (abbre viated as: Tin (TV) 2.8- 

H - aphthalocyanine bis (dimethvlh e xvlvi nvlsi 1 yloxlrie^ ) 

A mixture of 7-oct-l-enyldimethylsilanol (186 mg) , 
sodium (7 mg) , and xylenes (10 ml) was refluxed under argon 
for 4 hours. Tin (IV) 2, 3 -naphthalocyanine dichloride (90 mg) 
was added to the solution formed and the mixture was refluxed 
for 4 days. The suspension was filtered and the solid was 
washed sequentially with xylenes (5 ml) and water (5 ml) . 

The organic layer of the filtrate was separated, dried 
(MgSOJ, and evaporated with a rotary evaporator. The residue 
was triturated twice with hexane (2ml each time) to afford a 

bright green solid which was vacuum dried and weighed (8.5 
mg) . 

UV-vis (tetrahydrofuran) (A^ (nm) , e(M-W)) ; 

670, 7200; 732, 69900; 786, 84900. 


Example -3-3 
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Synthesis of Tin (IV) 5 . 9 . 14 . 18 . 23 . 27 , 32 . 3 6 -octabutoxy- 2 . 3 - 
naphthalocyanine dichl.oride. 

Tin tetrachloride (234 (jlL ) was added to a mixture 
of octabutoxy-2, 3 -naphthalocyanine (310 mg) in dry dimethyl- 
5 forraamide (15 ml) under an argon atmosphere and the mixture 

refluxed with stirring for 6 hours . The resultant was 
allowed to cool, the suspension was filtered, and the dark 
red solid was washed sequentially with dimethylf ormamide (5 
ml) and water (5 ml) , vacuum dried and weighed (288 mg) . 

10 


Example 34 

I' Synthesis of Tin (IV) 5 . 9 . 14 . 18 , 23 , 27 , 32 , 36-octabutoxv-2 . 3 - 

; naphthalocyanine bis (7-oct-l-enyldimethylsilyloxide 

5-5 .(.abbreviated as: Tin (IV) Octabutoxy-2 , 3 -naphthalocyanine 

bis.(dimethylhexvlvinylsilyloxide) ) 

: A mixture of 7-oct-l-enyldimethylsilanol (18 6 mg) , 

J] sodium (7 mg) , and xylenes (10 ml) was refluxed under argon 

j: for 5 hours. Tin (IV) octabutoxy-2, 3 -naphthalocyanine 

20 dichloride (37 mg) was added to the solution formed, and the 

mixture was refluxed for 2 days. The resultant was washed 
with water (10 ml) , dried (MgS0 4 ) , and evaporated to a dark 
red solid with a rotary evaporator. This solid was 
chromatographed on a silica gel (70-230 mesh, 60 A,) column 
^ (2x50 cm) equilibrated in hexane and eluted sequentially with 

toluene and toluene - 10% isopropanol. The product was 
vacuum dried, and weighed (17 mg) . 

UV-vis (tetrahydrofuran) (X max (nrn), e (M' 1 cm' 1 )): 

785; 893, 227000. 

Fluorescence (tetrahydrofuran) (A,„. J/; (nrn) ) : 



30 


'/H'j . 
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Svnthesis of 7 -oct-l-envldimethvlai 1 annl 

A solution of 7-oct-l-enyldimethylchlorosilane 
(2.56 ml) in ether (2 ml) was added dropwise over 1 hour to a 
stirring mixture of triethylamine (1.5 ml), water (0.18 ml) 
and ether (15 ml) in an ice/water bath. The resultant was 
stirred a further 1 hour in the ice/water bath and filtered 
washing the filtered solid with ether (10 ml) . The filtrate 
was evaporated with a rotary evaporator and the residue 
partitioned between hexane (30 ml) and water (30 ml) The 
organic layer was separated, dried (MgSOj and filtered 
*'k rou Stf 1 silica gel (70-230 mesh, 60 A) , washing with hexane 
(100 ml) . The filtrate was evaporated with a rotary 

evaporator to afford a colorless oil which was vacuum dried 
and weighed (1.06 g) . 

Example 3 

Synthesis of 2 , 3 , 20 , 2.1-tetrabromo) - 9 , 14 . 27 . 32-tet-r-abntoxy- 
2 . , 3 -naohthal ocvani ne 

1 / 4 -dibutoxynaphthalene- 2 , 3 -dicarbonitrile (161 mg) 
and 2 , 3 -dibromo- 6 , 7-dicyanonaphthalene (168 mg) were added to 
a refluxing solution of lithium metal (35 mg) in 1 -butanol (2 
ml) under an argon atmosphere. The reaction solution was 
maintained at reflux for 2 hours, cooled, and stirred into 
glacial acetic acid (10 ml) . After 30 minutes, the solvent 
was evaporated with a rotary evaporator and the residue 
dissolved in methylene chloride (10 ml) . The solution was 
washed twice with l N hydrochloric acid (10 ml each 
time), followed by water (10 ml), dried (MgSOJ and evaporated 
with a rotary evaporator. The residue was chromatographed on 
a silica gel (70-230 mesh, 60 A, ) column (2x50 cm) 
equilibrated in hexane and eluted sequentially with hexane - 
10 ^ toluene, hexane - 20% toluene, hexane - 


30% toluene. 
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hexane - 40% toluene and finally hexane - 50% toluene. The 
solid product was triturated with hexane (2 ml) , vacuum 
dried, and weighed (8 mg) . 

UV-vis (tetrahydrofuran) (A max (nm) ) : 743, 839. 

Fluorescence (tetrahydrofuran) (A max (nm) ) 789. 

Exampl e .. 3 7 

Synthesis of 2 1 . 2 6 . 7 1 , 7 6 /l2 1 . 12 6 -tetrabutoxydinaphtho rb.q/ll- 
12/17-octaf luorodibenzo fa. 1/ql -5 . 10 . 15 . 20-tetraazonorphvrin 
Xabbreviated as: Pi (1 . 6-dibutoxy-2 . 3 -naohthalocvanine) 
d-i_(-tetraf luorophth alocyanine) 

1, 4-Dibutoxynaphthalene-2 , 3 -dicarbonitrile (161 mg) 
and tetrafluorophthalonitrile (100 mg) were added to a 
refluxing solution of lithium metal (35 mg) in 1 -butanol (2 
ml) under an argon atmosphere. The reaction solution was 
maintained at reflux for 1 hour, cooled, and stirred into 
glacial acetic acid (10 .ml) . After 3 0 minutes the solvent 
was evaporated with a rotary evaporator and the residue 
dissolved m methylene chloride (10 ml) . The solution was 
washed twice with 1 N hydrochloric acid (10 ml each time) , 
followed by water (10 ml) , dried (MgSOJ and evaporated with a 
rotary evaporator. The residue was chromatographed twice on 
® silica gel (70-230 mesh, 60 A, 2 X 50 cm) , column 
equilibrated in hexane and eluted sequentially with hexane - 
10% toluene, hexane - 20% toluene, hexane - 30% toluene, and 

finally hexane - 40 % toluene. The product was vacuum dried 
and weighed (10 mg) . 

UV-vis (tetrahydrofuran) (A max (nrn), ed^crrr 1 )): 679, 

25800; 752, 88200; 789, 76500. 

Fluorescence (tetrahydrofuran) (A,,,,, (run) ) : Hi',. 


Example 38 
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Synthesis of 2 1 , 2 S 12 1 , l2 s -tetraphenylydlnaphtho fb . 11 -7 . 17 - 
octaf luorodibenzo fa, ql -5.10,15. 20 -tetraazoporphyrin 
(abbreviated as: Pi (1 . 6 -diphenyl -2 . 3 -naphthalocyanine) 
di ( tetraf luor ophthalocyanine ) ) 

1, 4-diphenylnaphthalene-2 , 3 -dicarbonitrile (165 mg) 
and tetraf luorophthalonitrile (100 mg) were added to a 
refluxing solution of lithium metal (35 mg) in 1-butanol (2 
ml) under an argon atmosphere. The reaction solution was 
maintained at reflux for 1.5 hours, cooled, and stirred into 
glacial acetic acid (10 ml) . After 30 minutes, the solvent 
was evaporated with a rotary evaporator and the leaitluc 
dissolved in methylene chloride (10 ml) . The solution was 
washed twice with 1 N hydrochloric acid (10 ml each 
time) /followed by water (10 ml) , dried (MgS0„) , and evaporated 
with a rotary evaporator. The residue was chromatographed on 
a silica gel (70-230 mesh, 60 A, ) column (2x50 cm) 
equilibrated m hexane and eluted sequentially with hexane - 
10% toluene, hexane - 20% toluene, hexane - 30% toluene, 
hexane - 40% toluene and finally hexane - 50% toluene. The 
bright green product was vacuum dried and weighed (7 mg) . 

UV-vis (tetrahydrofuran) (A max (nm) , e (M^cnr 1 ) ) : 

747, 86800 . 

Fluorescence (tetrahydrofuran) (A max (nm) ) : 760 . 

Example 39 

Synthgfflg of Dibutoxv-l . 3-diim inobenz ff 1 isoindol i pp 

Anhydrous ammonia was slowly bubbled through a 
stirred mixture of 1, 4-dibutoxynaphthalene-2, 3 -dicarbonitrile 
(1.61 g) , 25% sodium methoxide in methanol (1.14 ml), and dry 
1 -butanol (10 ml) for 30 minutes. With continued ammonia 
introduction, the mixture was refluxed for 30 minutes. After 
the resultant had cooled, the solvent was removed under 
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vacuum with a rotary evaporator. The residue was 
chromatographed on a silica gel (70-230 mesh, 60 A,) column 
(2x50 cm) , equilibrated in hexane and eluted sequentially 
with toluene, toluene - 1% isopropanol, toluene - 2% 
isopropanol, toluene - 5% isopropanol, toluene - 10% 
isopropanol and finally toluene - 20% isopropanol. The yellow 
product was treated with ether (10 ml) , collected by 
f il tra ti°n, washed with ether (10 ml) , vacuum dried and 
weighed (517 mg) . 

^■H-NMR (500 MHZ, CDC1 3 ) 5 8 . 22 (m, 5,8 -H) , 7.65 (m, 
6,7 -H), 4.23 (m, Y -CH a ) , 1.97 (m, p -CH a ) , 1.61 (m, a -CH 2 ) , 
1.04 (t, -CH 3 ) . 

Example 40 

Synthesis of 4,9-diethOXV-l,3-diiminoh P > u Z rfl iamnHnHnp 
Anhydrous ammonia was slowly bubbled through a 
stirred mixture of 1, 4-diethoxynaphthalene-2 , 3 -dicarbonitrile 
(1.33 g) , 25% sodium methoxide in methanol (1.14 ml), and dry 
ethanol do ml) for 20 minutes, with continued ammonia 
introduction, the mixture was refluxed for 2 hours. After 
the resultant had cooled, the solvent was removed under 
vacuum with a rotary evaporator. The residue was treated 
with methylene chloride (10 ml) and the product was collected 
by filtration, washed sequentially with water (5 ml) and 
methylene chloride (5 ml), vacuum dried and weighed (766 mg). 

Examn 1 p 

i& nthesis of tetraphpn y ld inar>h | ~hr-> r h . n -7 -7 

- &».frenzQ rq,ql -5, 10, 15, 2Q-tetraazoporp h vrinat-n1 R i 1 
aihydrpxide (abbreviated as: silicon Mid * rjln.1,.,,,1 ^ , 
n aphthalocyan-ine) 1 diphthalocy a nine d i hvdrny i Hp \ 
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Silicon tetrachloride (231 fxL) was added to a 
mixture of diphenyl-l , 3 -diiminobenz [f ] isoindoline (470 mg) 
and 1, 3-diiminoisoindoline (97 mg) in freshly distilled 
quinoline (5 ml) under an argon atmosphere and the mixture 
heated with stirring at 200 °C for 40 minutes. The resultant 
was allowed to cool to 160 °C, treated with water (5 ml) and 
refluxed for 5 minutes. The mixture was cooled, treated with 
ether (30 ml) and filtered washing the solid sequentially 
with ether (10 ml) and water (10 ml) . The organic layer of 
the filtrate (which was dark green) was separated from the 
aqueous layer, washed with water (15 ml), dried (MgSOJ and 
evaporated with a rotary evaporator. The residue was 
chromatographed three times on a silica gel (70-230 mesh, 60 
A, ) column (2x50 cm) equilibrated in hexane and eluted 
sequentially with hexane, hexane - 10 % methylene chloride, 
hexane - 20% methylene chloride, and finally hexane - 50% 

methylene chloride. The product was vacuum dried and weighed 
(55.5 mg) . 

UV-vis (tetrahydrofuran) (A max (nm), e (M' 1 cm" 1 ) ) : 640; 
680; 714, 67900; 742. 

Fluorescence (tetrahydrofuran) (A max (nm)) : 750 . 


Example 47 
Sm thSS l g nf 

— ■ 12/l 7 -<3iben?’;<-) Ter. 1 /gl - 5 . 1 0 . is ?n_ 

iL gtraa7,opon?hyrinqt-oT silicon dihvdmy-iH^ fabbrpvi^^ 
S ilicon rdi(i,5-dietho* y-2,?-n aphthainoy a ^ pQ i 

^. iphthalocvanine dihvrirnyiHp) 

Silicon tetrachloride (137 M L) was added to a 
mixture of 4, 9 -diethoxy- 1 , 3 -diiminobenz [f] isoindoline (^v 
rng) and 1, 3-diiminoisoindoline (58 mg) in freshly distilled 
quinoline (3 ml) under an argon atmosphere and the mixture 
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heated with stirring at 200 °C for two hours. The resultant 
was allowed to cool 160 °C, treated with water (3 ml) and 
refluxed for 5 minutes. The mixture was cooled, treated with 
ether (10 ml), and the dark blue solid product filtered off, 
washing the solid sequentially with ether (10 ml) and water 
(10 ml) , vacuum dried and weighed 
(175 mg) . 

UV-vis (tetrahydrofuran) (A max (nm)): 600, 632, 666, 

700 , 724 , 788 . 

Example 43 

Synthesis of f2 1 ^2 <: ^7 1 ^7 6 /.12 1 , 12 s , -tetraethoxvdinanht-.ho Tb. a/11- 
2,, 1 2/1 7 -dibenzo rcr.l/crl -5. io. 15 . 20 - 
t.etraazoporphvrinatol silicon bis (7-oct-.-i - 

a nyldimethylsilyloxide — (abbrev iated as: Silicon rd.iM.fi- 

■ diethoxv-2 , 3-naphthalocyan i ne) 1 djphthalocvanine 
bis (dimethvlhexvlvinyl silvloxide) ) 

A mixture of silicon [di ( 1 , 6 -diethoxy- 2 , 3 - 
naphthalocyanine) ] diphthalocyanine dihydroxide (85 mg) , 7 - 
oc t - 1 - enyldime thyl chloros i lane (256 jiL) , imidazole (68 mg), 
and dimethylformamide (2 ml) was stirred at room temperature 
for 24 hours. The resultant was concentrated under vacuum 
with a rotary evaporator. The residue was chromatographed on 
a silica gel (70-230 mesh, 60 A, ) column (2x50 cm) 
equilibrated in hexane and eluted sequentially with toluene 

and toluene -1% isopropanol. The product was vacuum dried 
and weighed (32 mg) . 

UV-vis (tetrahydrofuran) (A max (nrn)): 601, 633, 667, 

702, 731, 822, 904. 


Example 44 
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S ynthesis of T2 1 . 2 6 . 12 1 . 12 s - tetraphenyldinaphtho fb . 11 - 7 . 17 
-dibenzo Fa. ql -5 . 10 . 15 , 20- tetraazoporohvrinatol silicon bis(7- 
oct-l-enyldimethylsilyloxide) (abbreviated as: Si 1 icon 

fdi (1 . 6 -diphenyl -2 . 3 -naphthalocyanlne ) 1 ) di phtha 1 oc-v.-in i ne 
bis (dimethylhexylvinylsilyloxide) (Ficr. 9). 

A mixture of silicon [di ( 1 , 6 -diphenyl- 2 , 3 - 
naphthalocyanine) ] diphthalocyanine dihydroxide (30 mg), 7- 
oct-l-enyldimethylchlorosilane (115 /zL) , imidazole (30 mg) 
and dimethylformamide (650 tih) was stirred at room 
temperature for 30 minutes. The resultant was concentrated 
under vacuum on the rotary evaporator. The residue was 
chromatographed on a silica gel (70-230 mesh, 60 A,) column 
(2x50 cm) equilibrated in hexane and eluted sequentially with 

hexane and toluene. The product was vacuum dried and weighed 
(3 8 mg) . 

X H-NMR (500 MHZ, CDC1 3 ) 6 8.31, 8.25 (m, 2,5-Nc, 

10,13-Nc), 7.94 (m, Ar-Nc) , 7.95, 7.74 (3,4-Nc, 11,12-Pc), 

0.68 (m, e -CH 2 ) , 0.21 (m, 6 -CH 2 ) , -0.11 (m, y -CH 2 ) , -1.22 

(m, (3 -CH 2 ) , -2.14 (m, a -CH 2 ) , -2.76 (s, -CH 3 ) . 

UV-vis (tetrahydrofuran) (A max (nrn), e(M' ! cm' 1 )) : 644; 

684; 718, 81100; 748. 

Fluorescence (tetrahydrofuran) (A^ (nm) ) : 754 . 

Example 45 

Synthesis Of Tetrafluoro-l , 3-diiminoben? ff 1 isoindol ine 

Anhydrous ammonia was slowly bubbled through a ' 
stirred mixture of tetrafluorophthalonitrile (2.0 g) , 25% 
sodium methoxide in methanol (2.3 ml), and dry l-butanol (10 
ml) for 20 minutes. With continued ammonia introduction, the 
mixture was refluxed for 1 hour. After the resu 1 t.wii h.id 
cooled, the solvent was removed under vacuum with a rotary 
evaporator. The residue was treated with ether (50 ml) and 
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the product was collected by filtration, washed sequentially 
with water (10 ml) , and ether (10 ml) , vacuum dried and 
weighed (0.45 g) . 

Example 46 

Synthesis of 4 . 7-dip henyl-l , 3 -diiminobenz Tf 1 isolndol ine 
Anhydrous ammonia was slowly bubbled through a 
mixture of 1, 4-diphenylnaphthalene-2 , 3 -dicarboni trile 
(4.3 g) , 25% sodium methoxide in methanol (3.0 ml), and dry 
1-butanol (25 ml) for 30 minutes. With continued ammonia 
introduction, the mixture was refluxed for 1.5 hours. After 
the resultant had cooled, the solvent was removed under 
vacuum with a rotary evaporator. The residue was treated 
with methylene chloride (50 ml) and the product was collected 
by filtration, washed sequentially with water (10 ml) and 
methylene chloride (10 ml) , vacuum dried and weighed (3.68 

g) • 

Example 47 

■ Synthesis of f - tetraphenvldi naphtho fh . 11 - 7.17 - 

Q.Ctafluorodibe n zo ra.al -5 . 10 . 1 5 . ?n- 

£ . etraagQPOrphynnato1 sili co n dihvdroxide ('abbreviated aa- 
S ilicon fdi(l, 6 -djphenvl-2. 3 -n a phtha! ocvan-inp) ] 
d . X (tetraflupro phtha l o cvanine) dihvri-roy-i Hp) 

Silicon tetrachloride (86 fj.L) was added to a 
mixture of diphenyl- 1, 3 -diiminobenz [fj isoindoline (174 mg)- 
and tetraf luoro-l, 3 -diiminoisoindoline (54 mg) in freshly 
distilled quinoline (1 ml) under an argon atmosphere and the 
mixture heated with stirring at 200 °C for l hour. The 
resultant was allowed to cool to 160°C, treated with water (I 
ml) and refluxed for 5 minutes. The mixture was cooled, 
treated with ether (io ml) and filtered 


washing the solid 
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sequentially with water (2 ml) and ether (5 ml) . The organic 
layer of the filtrate was separated, washed with water (5 
ml) , dried (MgSO^) and evaporated with a rotary evaporator. 
The residue was chromatographed on a silica gel (70-230 mesh, 
60 A, 2x50 cm) column equilibrated in methylene chloride and 
eluted with methylene chloride. The product was vacuum dried 
and weighed (18 mg) . 

UV-vis (tetrahydrofuran) (A max (nm)) : 727, 759, 809, 

835. 

Fluorescence (tetrahydrofuran) (X max (nm)): 685, 

760, 840. 

Example 48 

S ynthesis Of — L2.hJl^ii^l^JL2 s -tetrap henvldj naoht-.ho fb. 1 1 - 7 ‘. 7 < - 
d lethoxvnaphtho Tal -i7--be n zo Tal -s. 1 n. 1 g. 9 n- 
& g .. trflfl , SQPPrphYrinato] Silicon dihv d roxide (abbreviated ag- 
Silicon fda . (1 , 5 -diphenyl -2 . 3-nap h thalocvani nelli.fi- 
diethoxyphthalocyanine) — phthalocvanine dihvdroxirip' 

Silicon tetrachloride (172 /xL) was added to a 
mixture of diphenyl- 1 , 3 -diiminobenz [f ] isoindoline (347 mg), 
diethoxy- 1, 3 -diiminobenz [f] isoindoline (71 mg) and 1,3- 
diinunoisomdoline (36 mg) in freshly distilled quinoline (2 
ml) under an argon atmosphere and the mixture heated with 
Stirring at 200°C for l hour. The resultant was allowed to 
cool to 160 °C , treated with water (2 ml) and refluxed for 5 
minutes. The mixture was cooled, treated with ether do ml) 
and filtered washing the solid sequentially with water (5 ml) 
and ether (5 ml) . The organic layer of the filtrate was 
separated, washed with water do ml), dried (MgSO„) and 
evaporated with a rotary evaporator. The residue was 
chromatographed on a silica gel (70-230 mesh, 60 A, 2x50 cm) 
column equilibrated in methylene chloride and eluted with 
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methylene chloride. The product was vacuum dried and weighed 
(6 mg) . 

UV-vis (methylene chloride) (X mx (nm) ) : 649, 693, 

724, 758, 827. 

Fluorescence (tetrahydrofuran) (A max (nrn)): 750. 


Example 49 

Synthesis of T2 1 . 2 6 , 12 1 , 12 s -tetraphenyldinaphtho fb. 11 -7 - 
tetraf luoronapht ho fgl -17-benzo M -5. 10. 15.20- 
t.etraazoporphvrinatol s ilicon dihvdroxide (abbreviated as: 
Silicon Tdi (1 . 6 -d iphenyl -2 . 3 -naphthalocyanine ) 1 
.(.tetrafluorophthalocyanine) phthalocyanine dihvdroxide) 
Silicon tetrachloride (172 pth) was added to a 
mixture of diphenyl-1 , 3 -diiminobenz [f] isoindoline (347 mg), 
tetraf luoro-1, 3-diiminobenz [f] isoindoline (54 mg) and 1,3- 
diiminoisoindoline (36 mg) in freshly distilled quinoline (2 
ml) under an argon atmosphere and the mixture heated with 
stirring at 200 °C for 1 hour. The resultant was allowed to 
cool to 160 °C, treated with water (2 ml) and refluxed for 5 
minutes . The mixture was cooled, treated with ether (10 ml) 
and filtered washing the solid sequentially with water (5 ml) 
and ether (5 ml) . The organic layer of the filtrate was 
separated, washed with water (10 ml) , dried (MgS0 4 ) and 
evaporated with a rotary evaporator. The residue was 
chromatographed on a silica gel (70-230 mesh, 60 A, 2x50 cm) 
column equilibrated in methylene chloride and eluted with' 

methylene chloride. The product was vacuum dried and weighed 
(21 mg) . 

UV-vis (tetrahydrofuran) (A max (nrn)): 646, 689, 720, 

753, 790. 

Fluorescence (tetrahydrofuran) (A max (nrn)): 760. 
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Example 50 

Synthesis of r2 1 .2 6 ,l2 1 ,12 6 -tetraphenyldinaphthorb.n-7 - 
tetrafluoronaphtho fal -17-benzo fql -5.10.15. 20- 
tetraazoporphvr inatol silicon bis (7-oct-l- 
envldimethvlsilyloxide (abbreviated as: Silicon rdi(l.6- 

di.Phenvl-2., 3-naphthalocvanine) 1 (tetraf luorophthalocyanine) 
Phthalocvanine bis (dimet hvlhexvlvinvlsilvloxide) ) 

A mixture of silicon [di ( 1 , 6 -diphenyl - 2 , 3 - 
naphthalocyanine) ] (tetraf luorophthalocyanine) phthalocyanine 
dihydroxide (10.5 mg), 7-oct-l-enyl dimethylchlorosilane (38 
Hh ) , imidazole (10 mg) and dimethylf ormamide (200 n L) was 
stirred at room temperature for 30 minutes. The resultant 
was concentrated under vacuum on the rotary evaporator. The 
residue was chromatographed on a silica gel (70-230 mesh, 60 
A, 2x50 cm) column equilibrated in hexane and eluted with 
toluene. The product was vacuum dried and weighed (4 mg) 

UV-vis (tetrahydrofuran) (X max (nrn)) : 732, 757, 794, 

816. 


Fluorescence (tetrahydrofuran) (X roax (nm)): 763 , 830. 


Example 51 

Synthesis of r? 1 .u2. 6 ^-12. 1 ^a2 s -tetraphenvldinaphtho fb. 1 1 -7 - 

■t a - traf luoronaphtho Tal -i 7-benzo fcrl -5 . 1 n . is . 7 . 0 - 
£ . etraa?OPOrphyrxnatol silicon b is (dimethyl penhaflno-ro 
B h . eny leilyl oxide) — (abbreviated as: s ilicon rdi n . s-H-iphenvi - 
2^. 3-naphthalocyani ne) 1 (tetra f luoronhthaiocvan-i 
phthalocyanine bis (d imethv ipentaf luorophenvi gjiyi nvidp) ) 

A mixture of silicon [di (1, 6-diphenyl-2, 3- 
naphthalocyanine) ] (tetraf luorophthalocyanine) phthalocyanine 
dihydroxide (10.5 mg), chlorodimethylpenta iluorophen/ ] i l 
(28 fJ.lt), imidazole (10 mg) and dimethyl f ormamide (200 //L) was 
stirred at room temperature for 30 minutes. The resultant 
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was concentrated under vacuum on the rotary evaporator. The 
residue was chromatographed on a silica gel (70-230 mesh, 

60 A, 2x50 cm) column equilibrated in hexane and eluted with 
hexane - 50% toluene to afford two product fractions A and B 
which were vacuum dried and weighed (2.8 mg and 5.5 mg, 
respectively) . 

A. UV-vis (tetrahydrofuran) (A^fnm)): 650, 726, 

762, 796, 824. 

Fluorescence (tetrahydrofuran) (A roax (nm)) : 770 . 

B. UV-vis (tetrahydrofuran) (A max (nrn)) : 651 , 726 , 

763, 796, 824. 

Fluorescence (tetrahydrofuran) (A max (nm) ) : 770 . 

Example 52 

£ vn . thesig Of tel^^i^ ^-tetraphenvldinanhtho fh 11-7 i -7_ 
d l benso to, ql -5,10,15, 20-tetraazo D orahvrinato) sil i rnn 
(dimethylpentaf luorop henvlsilyloxidel (abbreviated 
Silicon — Ldl (1 . 6-diphenvl- 2 . 3-naphthalocveni nel 1 
d- iphth^locygninc big (dimethvlpenta f luoronhenvl si 1 vloy-j dp ) ) 

A mixture of silicon [di (1 , 6 -diphenyl -2 , 3 - 
naphthalocyanine) ] diphthalocyanine dihydroxide (20 mg), 
chlorodimethylpentaf luorophenylsilane (58 /*L) , imidazole (20 
mg) and dimethylformamide (450 (J.L) was stirred at room 
temperature for 1 hour. The resultant was concentrated under 
vacuum on the rotary evaporator. The residue was treated 
with hexane (5 ml) and the green solid product collected by 
filtration, washed with hexane (2 ml) , vacuum dried and 
weighed (26 mg) . 

UV-vis (tetrahydrofuran) (A max (nm)): 648 , 691 , 724 , 

759 . 

Fluorescence (tetrahydrofuran) (A max (nm) ) : 


768 . 
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Example 53 

S ynthesis Of fa 1 , Z *^JL2 l . 12 s -tetraphenvldinaoht--hn fh.n- 7 . 17 - 
■ ^lken?Q I'd ,Cf1-5.1Q.15, 20- tetraaz a (21H).(23H). porphyrin 
.( abbreviated 9 S; di ( 1 , 6-diphenvl-2 , 3-napthalocvam' n R ) di (7 . 8 - 
.te.rt -butvlphthal ocvanine ) 

A mixture of 1, 4-diphenylnaphthalene 
dicarbonitrile (495 mg) , 4-tert-butylphthalonitrile (92 mg) 
lithium butoxide (4.0 ml) was refluxed in an oil bath 
for 1.5 hours and cooled. Cold glacial acetic acid (20 ml) 
was added to the suspension formed and vacuum dried. The 
green residue was resuspended in dichloromethane and the 
solution centrifuged at 3000 rpm for 15 minutes. The 
supernatant was washed with 1 N HCL (2 X 20ml) followed by 
water (1 X 10 ml) . The organic layer was dried under vacuum. 
The crude product was chromatographed on a silica gel ( 70-230 
mesh, 60 A, 2X50 cm) column equilibrated in hexane. The 
product was eluted sequentially with hexane and toluene, 
vacuum dried and weighed (4.2 mg) 

UV-vis (tetrahydrofuran) (\„ ax (nm) , eW^cnr 1 )): 668, 
43297; 688, 86914; 726, 92715; 758, 64329. 

Fluorescence (tetrahydrofuran) (A max (nm) ) : 732 . 


Example 54 

S ynthes i s of 5-tert-butvl -l . 3-di -imi noiso] -indni 

Anhydrous ammonia was slowly bubbled through a 
stirred mixture of 4-tert-butylphthalonitrile ( 1.8 g) , 25 % 
sodium methoxide in methanol (2.3 ml), and dry l-pentanol (20 
ml) for 30 minutes. With continued ammonia introduction, the 
mixture was refluxed f or 1 . 5 hours. After the resultant had 
cooled, the solvent was removed with a rotary evaporator . 

The residue was treated with methylene chloride (20 ml) and 
the product was collected by filtration, washed sequentially 
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with methylene chloride (20 ml) , ether (10 ml) , vacuum defied 
and weighed (0.4 g) . 

Example 55 

liYnfchesiS 0_f.. 6.7-dibrom o-l,3-diiminobenz ffl isoindol ine 

Anhydrous ammonia was slowly bubbled through a 
mixture of 6, 7-dibromonaphthalene-2 , 3 -dicarbonitrile 
(0.5 g) , 25% sodium methoxide in methanol (0.3 ml), and dry 
1-pentanol (10 ml) for 50 minutes. With continued ammonia 
introduction , the mixture was refluxed for 2.5 hours. After 
the resultant had cooled, the orange-yellow solid was 
collected by filtration and washed with ether (20 ml), vacuum 
dried and weighed (0.6 g) . 

Example 56 

— of — SllilCQn — [d.l (1.6 -diphenv l - 2 . 3 - naphtha! ocvan inp) 
■ tii-tert-butylphthalocvaninel dihvdroxide 

Silicon tetrachloride (57 /xL) was added to a 
mixture of diphenyl-1 , 3 -diiminobenz [f ] isoindoline (172 mg) 
and 5 - tert -butyl - 1 , 3 - di iminoisoindol ine (50 mg) in freshly 
distilled quinoline (l ml) under an argon atmosphere and the 
mixture heated with stirring at 210 °C for l hour. The 
resultant was allowed to cool, treated with water (2 ml) and 
refluxed for 5 minutes. The mixture was cooled, treated with 
ether (10 ml) and filtered washing the solid with ether (30 
ml) . The organic layer of the filtrate was separated, washed 
twice with water (20 ml each time), dried (Na,SO«) and the 
ether evaporated with a rotary evaporator. The residue was 
chromatographed on a silica gel (70-230 mesh, 60 A, 2 x 50 cm) , 
column equilibrated with hexane. The product was cDutod with 

methylene chloride, vacuum dried and weighed (n mg, green 
solid) . 
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UV-vis (methylene chloride) (A max (nrn)): 656, 670, 

694, 730, 758. 

Fluorescence (methylene chloride) (A roax (nm)): 767. 


Example 57 

■ Synth . S . SAS — &£ — Silicon — fdl (1 . 6-di phenvl - 2,3 -naphthalocvarri ne) 1 
dl . -tgrt-butYlPhthalocvanin e bis (dimethvlhexvl vi nvl si lyloxide) 
A mixture of silicon [di (l, 6 -diphenyl -2 , 3 - 
naphthalocyanine ) ] di ( 2 , 3 - tert-butylphthalocyanine) 
^■^ydroxide (320 mg) , 7-oct-l-enyldimethylchlorosilane (200 
/xL) , imidazole (136 mg) and dimethylf ormamide (6 ml) was 
stirred at room temperature for 12 hours. The resultant was 
concentrated under vacuum on the rotary evaporator. The 
residue was chromatographed on a silica gel (70-230 mesh, 60 
A, 2x50 cm) column equilibrated and eluted with hexane. The 
k^ ue product was vacuum dried and weighed (150 mg) 

UV-vis (methylene chloride) (A max (nm)) : 632, 676, 

702, 750. 

Fluorescence (methylene chloride) (A max (nm) ) : 716. 

Example 5ft 

S ynthes i s of Silicon (tv) 2 , 3 , 1 1 , i ? ? o . 21 . 29 . 3n-octahmmo-9 

naphthalocyanine d i hydroxide (abbreviated as: silicon 

ffi. etabromO-2 , 3 -naphthalocy a nine dihvfirnviHpl 

Silicon tetrachloride (114 ^L) was added to a 
mixture of 6, 7-dibromo-i, 3 -diiminobenz [f ] isoindoline (433' mg) 
and 5-tert-butyl-l, 3 -diiminoisoindoline (100 mg) in freshly 
distilled quinoline (2 ml) under an argon atmosphere and the 
mixture heated with stirring at 210°C for 2 hours. The 
resultant was allowed to cool, treated with water (2 ml) . JM ,j 
refluxed for 15 minutes. The mixture was cooled, treated 
with ether (4 ml) and filtered washing the solid three times 
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with ether (2 ml each time) . The solid was vacuum dried and 
weighed (0.57 g, dark green solid) . 

Example 59 

f SIS — q £ — Silicon ( XV) 2. 3. 11 , 12. 20, 21.29. .30 - octabromo -2.3- 

Haphth . aloeya . nine bis (7-oct -l-enyldimethvl silvloxide) 

. Abbreviated as; silicon oct a bromo-2 , 3-naphthal onvani np 
bis (dimethvlhe xvlvinvlsilvloxi del ) 

A mixture of silicon octabromo-2 , 3 -naphthalocyanine 
dihydroxide (500 mg) , 7-oct-l-enyl dimethylchlorosilane (256 
/iL) , imidazole (68 mg) and dimethylf ormarnide (5 ml) was 
stirred at room temperature for 12 hours. The resultant was 
concentrated under vacuum with a rotary evaporator. The 
residue was chromatographed on a silica gel ( 70-230 mesh, 60 
A, 2x50 cm) column equilibrated in hexane. The product was 
eluted with toluene, vacuum dried and weighed (300 mg) 

UV-vis (tetrahydrofuran) (X max (nrn)) : 694, 702 sh. 

Fluorescence (tetrahydrofuran) (A^ (nm) ) : 706 . 


Example 60 

Synthes i s of Silicon (TV) l . 4 . 8 . 1 1 . is . i a , 22 . ?r- 

ag- teethoxyphthalocyanine dichloride Abbreviated 

a StaethOXYPh thaloc vanine dichi or-ide) 

Silicon tetrachloride (600 n L) was added to a 
mixture of 4 , 7-diethoxy-l , 3 -diiminoisoindoline ( 1.0 g) in 


freshly distilled quinoline (10 ml) under an argon atmosphere 
and the mxxture heated with stirring at 200°C for 1.5 hours. 
The resultant was allowed to cool and treated with water (10 
ml) followed by methylene chloride (10 ml) . The organic layer 
was separated and evaporated with a rotary evaporator. The 


black residue was treated with ether (5 ml) and filtered. The 
filtrate was dried (Na 2 S0 4 ) and the solvent evaporated with a 
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rotary evaporator, vacuum dried and weighed (300 mg, dark 
green solid) . 

UV-vis (tetrahydrofuran) (A max (nrn)): 742. 

UV-vis (methylene chloride) (A max (nm)) : 764. 

IR (KBr) : 3435, 3060, 2983, 2932, 2228, 1727, 

1603, 1504, 1317, 1256, 1218, 1068, 810 cm' 1 . 

Example 61 

■Synthesis of 4 . 7-die thoxv-l . 3-di ■iminoisoindol i np 

Anhydrous ammonia was slowly bubbled through a 
stirred mixture of 1 , 4 -diethoxy-2 , 3 -phthalonitrile (1.0 g) , 
25% sodium methoxide in methanol (1.2 ml), and dry 1-pentanol 
(20 ml) for 45 minutes. With continued ammonia introduction, 
the mixture was refluxed for 3 hours. After the resultant 
hsd cooled, the solvent was removed with a rotary evaporator. 
The residue was dried under vacuum and weighed (1.4 g, green 
solid) . 

Example 62 

Synthesis Of 5 r 9 , 14 . 18 I..23 , 27. 32 . 3 6 . -octamethoxy 2.3- 
PaphthflloCYflnine — (.abbreviated as: octamethoxv -2 . 3 - 

RaPhthalocvani rtf>) 

1 , 4 -dimethoxynaphthalene -2,3 -di carbon i trile (820 
mg) suspended in 25% sodium methoxide in methanol (7 ml) was 
refluxed for 1.5 hours, cooled, and stirred into glacial 
acetic acid (50 ml) . After 30 minutes, the solvent was 
evaporated with a rotary evaporator and the residue dissolved 
in methylene chloride (100 ml) . The solution was washed 
sequentially with 10% hydrochloric acid (100 ml), brine (100 
ml) and evaporated with a rotary evaporator. The ron idwr ; 
chromatographed on a silica gel (70-230 mesh, 60 A, 2x50 cm) 
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column equilibrated in toluene. The product was eluted with 
toluene, vacuum dried and weighed (52 mg, red-brown solid) . 
UV-vis (tetrahydrofuran) (A max (nm) ) : 837. 

Example 63 

S-Ynt.hesis of Germani um ( IV) 2 . 3 . 9 /10 . 16 /17 . 23 /24 - tetra - tert - 
bvtvlphthalocvanine di c hloride (abbreviated as: Germanium 
.tetra-.tert-butylph thalocyanine dichlori dp) 

Germanium tetrachloride (1.5 ml) was added to a 
mixture of 5-tert-butyl-l, 3-diiminoisoindoline (500 mg) and 
tributylamine (3 . 4 ml) in 1 , 2 , 3 , 4 - tetrahydronaphthalene (7 ml) 
under an argon atmosphere and the mixture refluxed for 3.5 
• The resultant was allowed to cool, treated 
sequentially with water (20 ml) and methylene chloride (20 
ml) . The organic layer was separated, washed with water do 
ml) , dried (MgS0 4 ) and evaporated with a rotary evaporator. 
The residue was chromatographed on a silica gel (70-230 mesh, 
60 A, 2x50 cm) column equilibrated in toluene. The product 
was eluted sequentially with toluene and toluene : isopropanol 
(9:1), vacuum dried and weighed (310 mg). 

UV-vis (tetrahydrofuran) (A vax (nm)): 680 . 

Fluorescence (tetrahydrofuran) (A max (nm)) .- 718 , 750 . 


Example 64 

Effect . of Human Serum and Bl o od on the Fluorescent 
I ntensities cf Various D ye Syste ms in T.atex w-ith 
S . tQkeS Shifts and Excitation a n d Emission Mav^lpncrthg 

Donor and acceptor dye pairs or a hybrid phthalo- 
cyanxne derivative were incorporated into 0.2 micron latex 
(CML from IDC, Portland, OR) using the tetrahydrof ur.jn 
solvent system method as indicated in Table 3 and in Example 
10. The latex particles were diluted to various solids 
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concentrations as indicated in the Table into either a buffer 
containing 5 mM potassium phosphate, 1 mM potassium borate, 
and 5 mg/ml bovine serum albumin, pH 7, neat human serum or 
neat human blood. The excitation and emission wavelengths 
and the corresponding Stokes shift are as indicated in Table 
6 . 

The results show that the fluorescence intensities 
measured in neat human serum and blood are greatly affected 
when the excitation wavelength is in a region where human 
serum and blood absorb. Conversely, the fluorescence 
intensities of latex measured in human serum and blood are 
not affected when the excitation wavelength is above 646 nm . 
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TABLE 3 


5 


10 


15 


20 


25 


30 


35 


40 


45 


Dye System Excitation Emission Stokes 

fDonor/Acceotor) (nm) fnm) Shift 


trans-4-[4-(Dibutylamino) 475 

styryl]-1 -methyl pyridmium 
lodide/Silicon phthalo- 
cyanine bisfdimethylvinyl- 
silyloxide) 

Buffer 

Serum 

Whole Blood 

Meso-tetra-2-aminopheny! 420 

porphine/Siiicon phthalo- 
cyanine bis(dimethylvinyl- 
silyloxide) 

Buffer 

Serum 

Whole Blood 

(E,E)-3,5-bis-(4-phenyl-1 ,3- 670 

butadienyl)-4,4-difluoro-4- 

bora-3a,4a-diazo-s- 

indacene/Silicon 2,3- 

naphthalocyanine bis 

(dimethyihexylvinylsilyl- 

oxide) 

Buffer 

Serum 

Whole Blood 

1,1 , -Dihexyi-3 / 3,3',3'- 650 

tetramethylindodicarbo- 

cyanine lodide/Silicon 2,3- 

naphthalocyanine bis 

(dimethylhexylvinylsilyl- 

oxide) 

Buffer 

Serum 

Whole Blood 

Silicon phthalocyanine bis- 670 

(dimethylhexylvinylsilyJ- 

oxide)/Sii/con [did, 6- 

diphenylnaphthalocyanine)] 

diphthalocyanine bis 

(dimethylhexylvinylsilyl- 

oxide) 


680 205 


680 260 


780 110 


780 130 


760 90 


Buffer 

Serum 
Whole Blood 


Fluores- Latex 

cence Solids 

Intensity * f %) 


369 0.0019 

28 0.0019 

48 0.0019 


257 0,0010 

72 0.0010 

11 O.OOIO 


21 0.0005 

20 0.0005 

22 0.0005 


29 0.0005 

30 0.0005 

31 0.0005 


503 0.0005 

483 0.0005 

488 0.0005 


r 
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Dye System 

Excitation 

Emission 

Stokes 

Fluores- 

Latex 

5 (Donor /Accentor) 

Irm) 

(nm) 

Shift 

cence 

Solids 





Intensitv * 

(%) 

Hvbrid ComDOund 






Silicon [did/6-diphenyl- 

646 

760 

1 14 




naphthalocyanine)] 
diphthalocyanine bis 
(dimethylhexylvinylsilyl- 
oxide) 


10 


Buffer 
Serum 
Whole Blood 


50 

0.0007 

45 

0.0007 

47 

0.0007 


* Fluorescence intensities 
are not corrected. 
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Example 65 

Effect of Axia l Ligand on the Quenching of Silicon fdifl.6- 
diohenylnaphthalocyanine) 1 diphthalocyanines 

Silicon [di (1, 6-diphenylnaphthalocyanine) ] 
diphthalocyanine dihydroxide and Silicon [di {1,6- 
diphenylnaphthalocyanine) ] diphthalocyanine bis 
[dimethylhexylvinylsilyloxide] were incorporated into 0 . 2 
micron CML latex (IDC Corporation, Portland OR) at various 
dye concentrations as indicated in the Table below using the 
THF solvent system. The fluorescent latexes were diluted to 
0.00057% solids in either 5 mM potassium phosphate, l mM 
potassium borate buffer, pH 7 or in tetrahydrofuran . The 
fluorescence intensities were measured by excitation at 646 
nm. Emission was set at 760 nm. The results are presented 
below in Table 4 . 

The results show that the dihydroxy hybrid 
derivative, which has no axial ligand, has a large degree of 
quenching, even at 0.1 mg/ml dye loading while the bis 
dimethylhexylvinylsilyloxide hybrid derivative (with the 
axial ligand) has very little quenching. The results 

that axial ligands are important for phthalocyanine 
derivatives to attain maximum fluorescence intensities in 
particles . 
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Example 66 

. Comparison — Of Quenching in La tex for a Hybrid Phthalocyanine 

Derivative and a Na phthalocyanine Derivative. Both with Axial 
Liaands 

Silicon [di (1, 6-diphenylnaphthaolcyanine) ] 
diphthalocyanine bis [diraethylhexylvinylsilyloxide] (hybrid 
phthalocyanine derivative) and silicon 2 , 3 -naphthalocyanine 
bis [dimethylhexylvinylsilyloxide] (naphthalocyanine 
derivative) were incorporated into 0.2 micron CML latex (IDC 
Corporation, Portland OR) at various dye concentrations as 
indicated in the Table below using the tetrahydrof uran 
solvent system. The fluorescent latexes were diluted to 
0.00057-? solids in either 5 mM potassium phosphate, 1 mM 
potassium borate buffer, pH 7 or in tetrahydrof uran . The 
fluorescence intensities were measured at excitation and 
emission wavelengths as indicated in the Table below. 

T ^ e results show that the hybrid phthalocyanine 
derivative is much more resistant to quenching than the 
naphthalocyanine derivative. The results show the special 
properties of the hybrid phthalocyanine derivatives for 
attaining improved fluorescence intensities in latex. 
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TABLE 5 
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Example 67 

Incorporation and Chara c terization of Hybrid Phthalocyanine . 
and Phthalocvanine Derivatives into Particles using 
Tetrahvdrofuran and Dimethyl formamide Solvent Systems 
Hybrid phthalocyanine and phthalocyanine 
derivatives were incorporated into carboxyl -modified latex 
(CML, Interfacial Dynamics Corp. Inc., Portland, OR) using 
the procedures indicated below for the dyes and using dye 
concentrations as indicated in Table 6. The fluorescence 
intensities of the latex solutions were measured at the 
excitation and emission wavelengths and at the latex 
concentrations (% solids) as indicated in Table 6 for each of 
the solvent systems used. 

а. 50% Tetrahydrofuran Solvent System 
Tetrahydrofuran, THF, (0.19 ml) was added, dropwise 

over a 5 minute period, to a stirring solution of 0.67 ml of 
1.5% solids of latex particles at room temperature. The latex 
suspension was stirred at room temperature for an additional 
30 minutes to swell the latex. The dye solution (0.47 ml), 
which consists of two or three dyes, each at an appropriate 
concentration in tetrahydrofuran, was added dropwise over 5 
minutes to the stirred latex solution, to give the loading 
dye concentration (in a 1.33 ml volume) as indicated in Table 

б . The latex-dye solution was stirred at room temperature 
for 30 minutes in the dark. The latex solution was then' 
transferred to dialysis tubing (Spectra-por , 12-14,000 
molecular weight cutoff, Spectrum, Houston, TX) and the dye- 
latex solution was dialyzed against water for 12-15 hours at 
4°C. The dye-latex solution was removed from d i a 1 yr, i ,m<l 
the % solids of the solution was calculated from the final 
volume after dialysis and the starting solids concentration. 



219/099 


-125- 

fa . 70% Tetrahydrofuran Solvent System 

Tetrahydrofuran (0.19 ml) was added, dropwise over 
a 5 minute period, to a stirring solution of 0.4 ml of 2.5% 
solids of latex particles at room temperature. The latex 
suspension was stirred at room temperature for an additional 
30 minutes to swell the latex. The dye solution (0.74 ml), 
which consists of two or three dyes, each at an appropriate 
concentration in tetrahydrofuran, was added dropwise over 5 
minutes to the stirred latex solution, to give the loading 
dye concentration (in a 1.33 ml volume) as indicated in Table 
6. The latex-dye solution was stirred at room temperature 
for 30 minutes in the dark. The latex solution was dialyzed 
and analyzed according to the procedures outlined in the 
preceding 50% tetrahydrofuran solvent system method. 

c. 50% Dimethylformamide Solvent System 

Dimethylformamide, DMF, (0.19 ml) was added, 
dropwise over a 5 minute period, to a stirring solution of 
0.67 ml of 1.5% solids of latex particles at room 
temperature. The latex suspension was stirred at room 
temperature for an additional 30 minutes to swell the latex. 
The dye solution (0.47 ml) , which consists of two or three 
dyes, each at an appropriate concentration in 
dimethylformamide, was added dropwise over 5 minutes to the 
stirred latex solution, to give the loading dye concentration 
(in a 1.33 ml volume) as indicated in Table 6. The latex-dye 
solution was stirred at room temperature for 30 minutes in 
the dark. The latex solution was then transferred to 
dialysis tubing (Spectra-por , 12—14,000 molecular weight 

Spectrum, Houston, TX) and the dye -latex solution wa.u 
dialyzed against water for 12-15 hours at 4°C. The dye -latex 
solution was removed from dialysis and the % solids of the 



solution was calculated from the final volume after dialysis 
and the starting solids concentration. 

d. 70% Dimethylformamide Solvent System 

Dimethyl formamide (0.19 ml) was added, dropwise 
over a 5 minute period, to a stirring solution of 0.4 ml of 
2.5% solids of latex particles at room temperature. The latex 
suspension was stirred at room temperature for an additional 
30 minutes to swell the latex. The dye solution (0.74 ml), 
which consists of two or three dyes, each at an appropriate 
concentration in dimethylformamide, was added dropwise over 5 
minutes to the stirred latex solution, to give the loading 
dye concentration (in a 1.33 ml volume) as indicated in Table 
6. The latex-dye solution was stirred at room temperature 
for 30 minutes in the dark. The latex solution was then 
dialyzed and analyzed according to the proceedures outlined 
in the preceding 50% dimethylformamide solvent system method. 
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Example 68 

SYPfchgglS of 4 . 7-dio h envl-l . 3 -diiminoisoi ndoln ne 

Anhydrous ammonia was slowly bubbled through a 
stirred mixture of 3 , 6-diphenylphthalonitrile (5.9 g) , 
[synthesized according to J. Am. Chem. Soc. 25 ., 4338 (1953) 
and J. Org. Chem., USSR (English Translation) &, 341 (1972)] , 
25% sodium methoxide in methanol (1.35 ml), and dry 1-butanol 
(20 ml) for 1 hour. With continued ammonia introduction, the 
mixture was refluxed for 1.5 hours. After the resultant had 
cooled the product was collected by filtration, washed 

sequentially with 1 -butanol (10 ml) and ether (10 ml) , vacuum 
dried and weighed (0.62 g) . 


Example fig 

S ynthesis of r2,ia -di- ( 2 . 2 ) -naphthorh. n 

-7h7 4 . 17 1 . T7 4 - 

t- St raphenyldlbengQ (g , q] -5, 10 . 15. 20 - t etraazopnrphyri nat~.pl 
silicon dlhydroxide — (abbre viated as: fi-j 1 icon rdj ( 2 . 3 - 
n aphtha . locvanine) 1 di f 1 . 4-d f phenvlphthal ocvani ne ^ 

dihvdroxide) ) 


Silicon tetrachloride (69 ftL) was added to a 
mixture of 4, 7-diphenyl-l, 3-diiminoisoindoline (119 mg) and 
1, 3-diiminobenz [f] isoindoline (39 mg) in freshly distilled 
quinoline (1 ml) under an argon atmosphere and the mixture 
heated with stirring at 200°C for 1 hour. The resultant was 
allowed to cool to 160°C, treated with water (1 ml) and 
refluxed for 5 minutes. The mixture was cooled, treated with 
ether (10 ml) and filtered, washing the solid sequentially 
with water (5 ml) and ether (5 ml) . The organic layer of the 
filtrate was separated from the aqueous layer washed 
sequentially with 1 N hydrochloric acid (10 ml) an d wm,, (10 
rr.l), dried (MgSOJ and evaporated with a rotary evaporator. 

The residue was chromatographed on a silica gel (70-230 


mesh, 
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60 A, 2x50 cm) column equilibrated in methylene chloride. 
The product was eluted with methylene chloride - 1% 
isopropanol, vacuum dried and weighed (43 mg) . 

UV-vis (tetrahydrofuran) (A max (nrn) ) : 690 , 736 , 758 
Fluorescence (tetrahydrofuran) (A„. ax (nm)) : 774 


Example 70 

Synthesis Of fa . 12-di- (2 , 3) -nanhcho rb. 11 -7* , 7“ . 1 71 ■ i 7 <- 
■ tetraphenvldlbenzo Iq, ctI - 5 . 10 . 15 . 20- tetraazopo-rphvrinat-ol 
- Silicon bis f7-OCt-l-envldimethv1 s ilvloxide) . (abbreviate 
3lS - 1 — S J. - l3.eon — (di (2,3 -naphthalocya nine) 1 di ( l . 4 - 
d lphenylphtha locyanin e ) bis (dimethvlhexvi v-i nvi si i vioxi dp) 1 
A mixture of silicon [di (2, 3-napthalocyanine) ] di ( 1 , 4 - 
diphenylphthalocyanine) dihydroxide ( 10.6 mg). 7-oct-l- 
enyldimethylchlorosilane (41 /zL) , imidazole (11 mg) and 
dimethyl f ormami de (200 ii L) was stirred at room temperature 
for 30 minutes. The resultant was concentrated under vacuum 
on the rotary evaporator. The residue was chromatographed on 
a s -^l^- ca £fel (70-230 mesh, 60 A, 2x50 cm) column equilibrated 

in hexane. The product was eluted with toluene, vacuum dried 
and weighed (3 mg) . 

UV-vis (tetrahydrofuran) (A max (nm) ) : 667 , 745 
Fluorescence (tetrahydrofuran) (A max (nm)) : 774 

Example 71 

S ynthesis of fa , . 12 -di- (2 . 3 ) -na p htho rb. n -7 1 . 1 * . 1 7 1 . 1 7<- 
Eg- traphenyl dibenzo fg. crl -5,io.i5.2n-f^ r a azonornhvHn^ni 
■ Silicon bis {riimethv.lpentafln o rophenylfii 1 yl oxide) . 

./abbr eviated as ; Silicon , fdi (2 , 3 -naph thalocvam' ne) di ( 1 . 4 - 
ii iPhenvlPhthalocy a nine) bi a 
-C dimethvlpentaf luo y ophenylsi] yloy i de ) ) 

A mixture of silicon [di (2, 3 -naphthalocyanine ) ) 
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di (1 , 4 -diphenylphthalocyanine) dihydroxide (10 mg), 
chlorodime thylpent af luorophenyl silane (28 n L) , imidazole (10 
mg) and dimethyl formamide (200 /iL) was stirred at room 
temperature for 10 minutes. The resultant was concentrated 
under vacuum on the rotary evaporator. The residue was 
chromatographed on a silica gel (70-230 mesh, 60 A, 2X50 cm) 
column equilibrated in hexane. The product was eluted with 
toluene, vacuum dried and weighed (3 mg) . 

UV-vis (tetrahydrofuran) (X raax (nm) ) : 701, 754 
Fluorescence (tetrahydrofuran) (X^ x (nm) ) ; 789 


Example 72 

S ynthesis Of rs 1 , 2 s , 1 2 1 , 12 s , -tetraphe n vldfnaphtho Th. 11 - 
■ 7 2/3 r 17 a / 3 -di (tsrt-but Yl? diben zo fa. gl -5 . 10 . m ?n- 
JL etraazbporphyrinatol si licon d-i hvdroxi (abbr^vi . 

S Uicon rdi(l f 5-diphenyi - 2, 3 -nanh thaiocvanineHrH 2 . 3 -tert- 

kUtYlPhthalocvanine^ dihydroxi de ^ ) 

Silicon tetrachloride (344 /iL) was added to a 
mixture of diphenyl-1, 3-diiminobenz [f] isoindolmine (869 mg) 
and 5-tert-butyl-i /3 -diiminoisoindoline (100.5 mg) in freshly 

distilled quinoline (2 ml) under an argon atmosphere and the 
mixture heated with stirring at 200 °c for 1 hour. The 
resultant was allowed to cool to 150 °C, treated with water 
(3 ml) and refluxed for 10 minutes. The mixture was cooled, 
treated with ether (30 ml) and filtered, washing the solid , 
sequentially with ether (20 ml) and water (20 ml) . The ' 
organic layer of the filtrate was separated from the aqueous 
layer, washed sequentially with IN hydrochloric acid (2x10 
ml) and water (10 ml) , dried (MgS0 4 ) and evaporated with a 
rotary evaporator. The residue was chromatographed three- 
times on a silica gel (70-230 mesh, 60A, 2X50 cm) column 
equilibrated in hexane. The product was eluted sequentially 
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with methylene chloride and methylene chloride -1% 
isopropanol, vacuum dried and weighed (55 mg) . 

UV-vis (tetrahydrofuran) (A^x (nm) ) : 646, 684, 720, 

743 


Fluorescence (tetrahydrofuran) (A max (nra) ) : 750 


EX.aiBplfi_.Z3. 

Synthesis of f2 1 .2 6 . 12 1 ,12 s - tetraphenyldinaphtho fb, 1] -7 2/3 , 17 2 ' 3 - 
dL( t ert„- bu.t yl Ldihen,zo_Ig^_ql^5^. 1_Q^_ 1_5^_2_0- te .t r a a zoporphy r i na t o 1 

silicon bis (Z-joct-l-enyldimethylsilyloxide) (abbreviated 

as.: Silicon fdi (1 . 6-diphenyl-2 , 3 -naphthalocyanine) 1 di (2 , 3 - 
tert-butylphthalocyanine bis (dimethylhexylvinylsilyloxide) ) 

A mixture of Silicon di (1 , 6 -diphenyl -2 , 3 - 
naphthalocyanine) ] di (2, 3-tert-butylphthalocyanine) 
dihydroxide (2.8 mg) and dimethylformamide (500 fiL) was 
stirred at room temperature for 10 minutes . The resultant 
was concentrated under vacuum on the rotary evaporator. The 
residue was chromatographed on a silica gel (70-230 mesh, 60 
A, 2x50 cm) column equilibrated in hexane. The product was 
©luted sequentially with hexane and toluene, vacuum dried and 
weighed (16.5 mg) . 

UV-vis (tetrahydrofuran) (A roax (nm) ) : 648, 688, 726, 

750 


Fluorescence (tetrahydrofuran) (A max (nm)) : 756 


SlOlthe sis of F2 1 , 2 6 , 12 1 . 12 6 -tetraphenvldinaphtho Th. 1 1 -7 2 '' 3 . 1 7 2 / 3 - 
di (tert -butyl ) dibenzo la, cl -5 . 10 . 15 . 20- 
.t etraazoporphvrinatol silicon bis 

■I limg thylPfi nt af luorop heny 1 s i lyloxi de ) (abbreviated as: 

-S. ll - 3.C0n — [dl ( 1 , .6 -diphenyl - 2 . 3 - nap hthalocyanine ) 1 di(2.3-tert - 
&lt.ylPhthalocvanine) b is (dimethylpentaf luorophenvlsi 1 yl - 
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.cxide? ), 

A mixture of Silicon [di (1 , 6-diphenyl-2 , 3 - 
naphthalocyanine) ] di (2,3-tert-butylphthalocyanine) 
dihydroxide (21.8 mg), chlorodimethylpentaf luorophenylsilane 
{56.5 fill) , imidazole (20.4 mg) and dimethylformamide (500 jiLi ) 
was stirred at room temperature for 10 minutes. The 
resultant was concentrated under vacuum on the rotary 
evaporator. The residue was chromatographed on a silica gel 
(70-230 mesh, 60 A) column (2x50 cm) equilibrated in hexane. 
The product was eluted sequentially with hexane and toluene, 
vacuum dried and weighed (25 mg) . 

UV-vis (tetrahydrofuran) (A max (nm) ) : 652, 694, 730, 

760 


Fluorescence (tetrahydrofuran) (A max (nm) ) : 769 


Example 75 

S ynthesis Of — [ 21 . 2 6 . 12 1 . 12 s -t etraphenvldinaphtho Th, 1 1 -7- (9 , -3 ) - 
n aphtho fgl -17-benzo fal -5 . 10 , 15 . 2 0 -tetraazopornhvri.natoi 
■S ilicon dihvdrpxide (abbreviated as: SiliconrriiM.fi- 

di phenyl- 2, 3 -naphthalocyanine) 1 ( 2 . 3 -naphthalocvani ne) 

Phthalocvanine dihyd roxide) 

Silicon tetrachloride (172 /xL) was added to a 
mixture of diphenyl-1, 3-diiminobenz [f] isoindoline (347 mg), 

1, 3 -diiminobenz [f] isoindoline (49 mg) and 1,3- 
diiminoisoindoline (36 mg) in freshly distilled quinoline (2 
ml) under an argon atmosphere and the mixture heated with 
stirring at 200°C for 1 hour. The resultant was allowed to 
cool to 170°C, treated with water (2 ml) and refluxed for 5 
minutes. The mixture was cooled, treated with ether (20 ml) 
and filtered, washing the solid sequentially with water (‘j 
ml) and ether (10 ml) . The organic layer was separated from 
the aqueous layer, washed with 1 N hydrochloric acid (2 x 10 
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ml) , (filtering again to effect separation) and water (10 
ml), dried (MgS0 4 ) and evaporated with a rotary evaporator. 
The residue was chromatographed on a silica gel (70-230 mesh, 
60 A) column (2x50 cm) equilibrated in hexane. The product 
was eluted sequentially with toluene, toluene - 5% methylene 
chloride, toluene - 10% methylene chloride, toluene - 20% 
methylene chloride and finally toluene - 50% methylene 
chloride. The product was then re -chromatographed on silica 
gel (GF, 1000 ft, 20x20 cm) plates eluting sequentially (air 
drying the plates between each elution) with toluene - 5% 
methylene chloride, toluene - 10% methylene chloride, toluene 
20 o methylene chloride and finally toluene — 50% methylene 
. The plates were eluted in the latter solvent ten 
times to effect separation of the desired product from by- 

P ro ^ uc hs. The green product was vacuum dried and weighed (9 
mg) . 

UV-vis (tetrahydrofuran) (^(nm) ) .- 670, 714, 750 
Fluorescence (tetrahydrofuran) (A max (nm) ) : 762 


Example 76 

S ynthesis Of — 12. 1 , 12 6 -tetraphen yldinaphtho fh . 1 ) - 7 - ( 2 . 3 )- 
n aphtho fa) -17-benzo r ? i - 5 . 10 . 15 . 20 .- 
■ t . etraazgporphvrinatol si l icon Ms ! 7-001- - 1 - 

^ nyldimethylsilyloxide) — (a bbreviated as: siiioonrdin.fi- 

tohenyl-2,3-naphthalepyanin^) 1 ( 2 , 3-nant-hainrvanino) 

Phthalocyanine bi s (d imeth vlhexvi vinvisii vi nvi ) 

A mixture of [di (1, 6-diphenyl-2 , 3- 
.laphthalocyanine ) ] (2,3 -naphthalocyanine ) phthalocyanine 
dihydroxide (9 mg), 7-oct-l-enyldimethylchlorosilane ( 33.5 

filj) , imidazole (9 mg) and dimethyl formami de (200 t i I.) w ..;: 

stirred at room temperature for 10 minutes. The resultant 
was concentrated under vacuum on the rotary evaporator. The 
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residue was chromatographed on a silica-gel (GF,1000 pc, 20x20 
cm) plate eluting with hexane - 50% methylene chloride. The 
product was triturated twice with hexane (1 ml) , vacuum dried 
and weighed (9 mg) . 

UV-vis (tetrahydrofuran) (^(nm) ) : 674, 718, 756 
Fluorescence (tetrahydrofuran) (A max (nm) ) : 763 


Example 77 

S ynthesis Of — [.2 1 , 2 6 -diphenv lnaphtho Tbl -7.12. 17 - 
■t HAbenSrO fq, 1 . r crl -5 , 1,0 . 15 . 20- tetraazoporphvrinatol sil i non 
. di hydroxide — (a bbreviated as ; silicon n .fi-dinh P n V i- 2 .i- 
H epht halccyanme ) — fcriphthaloc vanine d.i hydroxi rip) 

Silicon tetrachloride (687 p.h) was added to a 
mixture of diphenyl-l , 3 -diiminobenz [f ] isoindoline (347 mg) 
and 1 , 3 -diiminoisoindoline (726 mg) in freshly distilled 
quinoline (5 ml) under an argon atmosphere and the mixture 
heated with stirring at 200 °C for 1 hour. The resultant was 
allowed to cool to 170°C, treated with water (5 ml) and 
refluxed for 5 minutes. The mixture was cooled, treated with 
ether (20 ml) and filtered, washing the solid sequentially 
with water (10 ml) and ether (10 ml) . The organic layer was 
separated from the aqueous layer, washed sequentially with IN 
hydrochloric acid (50 ml) , (re-filtering to effect 
separation) and water (50 ml), dried (MgSOJ and evaporated 
with a rotary evaporator. The filtered solids were treated 
with. acetone (20 ml) and re-filtered washing with acetone (10 
ml) . The filtrate was dried (MgSOJ and evaporated with a 
rotary evaporator. The residues from the ether and acetone 
evaporations were combined and chromatographed on a silica 
gel (70-230 mesh, 60 A) column (2x50 cm) equilibrated in 
hexane. The product was eluted sequentially with methylene 
chloride, toluene and toluene -1% isopropanol. The product 
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was then re -chromatographed on silica gel (GF, 1000 p, 20x20 
cm) plates eluting with methylene chloride , air drying the 
plates and re-eluting with toluene - 1% isopropanol. The 
blue -green product was vacuum dried and weighed (60 mg) . 

UV-vis (tetrahydrofuran) (A raax (nm) ) : 622, 658, 688, 

698 


Example.. 2& 


Synthesis of T2 1 , 2 s , 12 1 , 12 6 -tetraphenyldinaohtho fb . 11 -7 . 17- 


.dibenzo Td. al -5 . 10 . 15 . 20-tetraa zoporphvrinatol silicon 
bisltrihexvlsilyloxide) (abbreviated as; Silicon . fdi (l , 6- 
diphenyl-2-. 3--naphthalocyanine) 1 diphthalocyanine 
bis (trihexylsilyloxide) ) 

A mixture of Silicon [di (1, 6 -diphenyl -2, 3- 
naphthalocyanine) ] diphthalocyanine dihydroxide (8 mg), 
chlorotrihexylsilane (55 pl >) , imidazole (10 mg) and 
dimethyl formamide (200 pL) was stirred at room temperature 
for 10 minutes. The resultant concentrated under vacuum on 
the rotary evaporator. The residue was chromatographed on a 
silica gel (70-230 mesh, 60 A) column (2x50 cm) equilibrated 
in hexane. The product was eluted sequentially with hexane 
and toluene, vacuum dried and weighed (4.5 mg) . 

UV-vis (tetrahydrofuran) (A max (nm) ) : 644, 684, 718, 

748 


Fluorescence (tetrahydrofuran) (A^tnm)) : n 752 


Synthesis of f2*. 2 6 -diphenvlnaphtho fbl -7 . i 3 . i 7 - 
£ -£ lb , en? . p fq, 1 , ql -5 , 10 , 15 , 20 -tetraazoporphvrinatol silicon 
bjLS-( 7-oc.t--l-envldimethvlsilyloxide) fabbreviaf.Rd as: 

El JliCOn ( 1 , 6 - diPhenvl - 2 , 3 -naphtha locyanine ) triphnha] ocyanine 
bis (dimethvlhe xvlvinylsilvloxide) ) 
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A mixture of Silicon (1 , 6 -diphenyl-2 , 3 - 
naphthalocyanine) triphthalocyanine dihydroxide (23.3 mg), 7- 
oct-l-enyldimethylchlorosilane (115.2 /xL) , imidazole (30.6 
mg) and dimethylformamide (500 /xL) was stirred at room 
temperature for 10 minutes. The resultant was concentrated 
under vacuum on the rotary evaporator. The residue was 
treated with hexane (2 ml) , filtered from yellow insoluble 
solid and the filtrate evaporated. The residue was 
chromatographed on a silica gel (GF, 1000 \i, 20x20 cm) plate 
eluting with hexane, air drying the plate and re-eluting with 
hexane - 50s methylene chloride. The product was vacuum dried 
and weighed (0.8 mg) . 

NMR(500 MHZ, CDC1 3 ) 59 . 54 (m, 2H) , 9.47(d,2H), 
8.41(d,2H), 8.37(m,2H), 8.25(m,2H), 8.19(dd,2H), 8.09(dd,2H), 

8 . 02 (m, 10H) , 5 . 65 (m, 2H) , 4.90(m,4H), 1.67(m,4H), 0.76(m,4H), 

-0 . 11 (m, 4H) , -1.25 (m, 4H) , -2.17 (m, 4H) , -2 . 79 (s , 12H) . 

UV-vis (tetrahydrofuran) (A roax (nm) ) .- 624, 660 , 692 

Fluorescence ( tetrahydrofuran) (A max (nm) ) : 710 


Example 80 

S ynthesis Of — L 2 . 1 . 2 6 . 12 1 , 12 6 -tetraph e nvldinaphtho l~b . 1 1 -7 17 - 
dlbenzc>[q,<?1-5,lC),i5 f 2Q-f r etraazoporphvrina t olsilioon hi.Q r 7 - 

g. gt- 1 -enYldimethvlsilvloxide ) (abbrevi at^d 

S ilicon fdl (1 , $ -diphenyl -2 . 3 -nap h tha lncvani ne ) 1 di (2.3- 

n aphthalocyanine) bisf dimeth vlhexvivinvisiivirnHH^ ) 

A mixture of Silicon [di (l, 6 -diphenyl- 2 , 3- 
naphthalocyanine) J di ( 2 , 3 -napht halo cyanine) dihydroxide (6 
mg), 7 -oct - 1 -enyldimethylchlorosi lane (21 /xL) , imidazole ( 5.7 
mg) and dimethylformamide (200 ^L) was stirred at room 
temperature for 10 minutes. The resultant was concontm,,] 
under vacuum on the rotary evaporator. The residue was 
chromatographed on a silica gel (GF/ 1000 


/x, 20x20 cm) plate 
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eluting sequentially (air drying the plate between each 
elution) with hexane - 20% toluene, hexane - 50 % toluene 
and toluene. The green product was triturated three times 
with hexane (1 ml), vacuum dried and weighed (5.4 mg) . 

NMR (500 MHZ, CDC1 3 ) 68.75 (b,4H), 8.38(m,8H), 

8.15(m,4H), 8.03(m,16H), 7.80(m,8H), 5.40(m,2H), 4.70(m,4H), 

1 . 38 (m, 4H) , 0.59 (m, 4H) , 0.16(m,4H), -0.05(m,4H), -1 . 08 (m, 4H) , 

-1 . 97 (m, 4H) , -2 .58 (s, 12H) . 

UV-vis (tetrahydrofuran) (A max (nm) ) : 668,696,746,784 
Fluorescence (tetrahydrofuran) (A max (nrn)) : 792 


Example 81 

■5. « .. g-diCYflne>-l . 3-diiminoisoi n doline 

Anhydrous ammonia was slowly bubbled through a 
stirred mixture of benzene-1, 2 , 4 , 5-tetracarbonitrile (1.78 
g) , and dry methanol (40 ml) for 1 hour. The product was 
collected by filtration, washed sequentially with methanol 
(10 ml) and ether (10 ml) , vacuum dried and weighed (2.07 g) 

Example 82 

S amthes i s of — L 2 1 , 2 s , 121., 12 6 -tetrar>hen vldinaphtho fh>. 11 - 
2 ?, 7 3 , 17 2 f 17 3 -tetracvanodibenzo f a , crl - 5 . 10 . 15 . 2 n- 

t straazQpcrphyrinahoi silicon dihvdroxi hp 

Silicon tetrachloride (115 /xL) was added to a 
mixture of diphenyl-l, 3-diiminobenz [f ] isoindoline (174 mg) and 
b, 6-dicyano-l, 3-diiminoisoindoline (98 mg) in freshly 
distilled quinoline (2 ml) under an argon atmosphere and the 
mixture heated with stirring 200 °C for 1 hour. The 
resultant was allowed to cool to 170 °C treated with water (2 
ml) and refluxed for 5 minutes. The mixture was cooled, 
treated with ether (20 ml) and filtered, washing the solid 
sequentially with water (10 ml) and ether (10 ml) . The 
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filtered dark green insoluble solid was treated with acetone 
(20 ml) , filtered, treated with methylene chloride (20 ml) 
and re-filtered washing with methylene chloride (20 ml) . The 
acetone/methylene chloride filtrate was dried (MgSOj and 
evaporated with a rotary evaporator. The residue was 
chromatographed on a silica gel (70-230 mesh, 60 A) column 
(2x50 cm) equilibrated in hexane. The product was eluted 
sequentially with methylene chloride and methylene chloride - 
1% isopropanol, vacuum dried and weighed (63 mg) . 

IR (KBr) 2233 cm' 1 (CN) 

UV-vis (tetrahydrofuran) (A max (nm)) : 627, 686, 746, 

826 

Fluorescence (tetrahydrofuran) (A max (nm) ) : 831 


Example 83 

5-^nf.h.e.sis. of r2 x . 2 6 . 1 2 1 . 12 6 -tetraphenvldinaohtho fb. 11 - 

-7i,_7 3 -, 17 2 . 1 7 3 - tetraacvanodibenzo fa. ql -5 , 10 . 15 . 20- 
.tetraazoporphvrinatol s ilicon bis (7-oct-l- 
SJlYldi methvlsilvloxide) (abbreviated as: Silicon rdifl.6- 

■ d i phenyL- . 2 . 3-natthth alPCYanine) 1 di (2 . 3-dicvanophthalocvani ne) 
bis (dime-thvlhexvlvinvlsilvloxide) ) 

A mixture of Silicon [di (1, 6 -diphenyl -2, 3- 
naphthalocyanine ) ] di (2 , 3 -dicyanophthalocyanine) dihydroxide 
(21.6 mg), 7-oct-l-enyldimethylchlorosilane (77 fiL) , 
imidazole (20.4 mg) and dimethylformamide (500 jxL) was 
stirred at room temperature for 10 minutes. The resultant 
was concentrated under vacuum on the rotary evaporator. The 
residue was chromatographed on a silica gel (GF, 10 0 0 \l, 

20x20 cm) plate eluting with hexane, air drying the plate and 
re-eluting with methylene chloride. The product was 
dried and weighed (4 mg) . 


va cuurn 
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NMR (500 MHZ, CDC1 3 ) 68.65 (s,4H), 8.38{m,4H), 

8 . 16 (m, 4H) , 8 . 02 (m, 4H) , 7 . 94 (m, 8H) , 7.87(m,4H), 5.51(m,2H), 

4 . 81 (m, 4H) , 1 . 55 (m, 4H) , 0.71(m,4H), 0.24(m.4H) , -0.06(m,4H), 

-1.19 (m, 4H) , -2.07 (m, 4H) , ’-2.71(s,2H) 

UV-vis (tetrahydrofuran) (A max (nm) ) : 631, 693, 752, 

835 


Fluorescence (tetrahydrofuran) (A max (nm)) : 839 


Example. $4, 

Synthesis of f2 . 7/12-di- (2 . 3) -naphtho fb.d/l) - 
7 2 . 7 3 . 12 2 , 12/17 2 . 17 3 tetracyanodibenzo fq. 1/ql -5.10.15,20- 
tetraazoporp hyrinatol silicon dihydroxide (abbreviated as; 
Silicon Idi (2 , 3-naphthalocvanine) 1 di(2,3- 
dic.vanophthalocyani ne) dihydroxide) 

Silicon tetrachloride (330 pt L) was added to a 
mixture of 1, 3-diiminobenz [f ] isoindoline (195 mg) and 5,6- 
dicyano-l, 3-diiminoisoindoline (195 mg) in freshly distilled 
quinoline (4 ml) under an argon atmosphere and the mixture 
heated with stirring at 200°C for 1 hour. The resultant was 
allowed to cool to 160 °C, treated with water (4 ml) and 
refluxed for 10 minutes. The mixture was cooled, treated 
with ether (20 ml) and filtered, washing the solid 
sequentially with water (10 ml) , ether (10 ml) , and acetone 
(10 ml) . The solid was vacuum dried and weighed (560 mg) . 


i SyntheSlS Of — L2^ 7/12-di- ( 2 . 3 ) -naphtho Tb. g/11 - 
2 L . 7 . 3 ,i2 z ,i,zVl7 2 ,X7 . 3 tetra cyanodibenzo fa, 1/g) - s.m.m.sn- 
£.e.t.ra9 zoporphvrinato1 silicon bis (7-oct-.-i - 

£)i yLdimethyls . iiyloxide) (abbreviated as; Silicon fd j._( 2. , . i. 

Qiis h - th^locyanine) 1 di (2 , 3 -dicvanoohthalnrvani ne ) 

ki-S. (.dimet hvlhe xvl vinyl si lvloxide ) ) 
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A mixture of Silicon [di (2 , 3-naphthalocyanine) ] 
di (2 , 3-dicyanophthalocyanine) dihydroxide (155 mg), 7-oct-l- 
enyldimethylchlorosilane (770 ml) , imidazole (204 mg) and 
dimethyl formamide (2 ml) was stirred at room temperature for 
30 minutes. The resultant was' concentrated under vacuum on 
the rotary evaporator. The residue was chromatographed on 
two silica gel (GF, 2000 \i, 20x20 cm) plates eluting with 
hexane, air drying the plate and re-eluting with methylene 
chloride. The product was vacuum dried and weighed (3.1 mg) . 

NMR (500 MHZ, CDCl 3 ) 5l0.3(s,4H), 9.94(s,4H), 

8 . 65 (m, 4H) , 7.98(m,4H), 5.80(m,lH), 5.59(m,lH), 4.92 (m, 4H) , 

1.56(m,4H), 0.71(m,4H), 0.26(m,4H), -0.05(m,4H), -0.96(m,4H), 
-1.83(m,4H), -2.44, (s, 12H) 

UV-vis (tetrahydrofuran) (X roax (nm) ) : 649, 704,731,788 
Fluorescence (tetrahydrofuran) (X max (nm) ) ; 795 


Example 86 

S ynthesis of \2 . 7/12-di- ( 2 . 3) -naphtho rb. cr/n - 

2 2 . 1 7 3 , 12 2 f 12 3 /l7 2 r 17 3 tetracvanodi b enzo fa. 1/al -5 . i 0 , i q , ?n- 

tgt raazoporphvr inatol s j rnn 

bis (dlmethylpentaf luoroohenvlsil y loxide) (abbreviated as: 
Silicon — L di (2 . 3-naphthalooya n ine) 1 di (2 . 3- 
■dicvanophthalorvam- 

bis (dimethvlpentaf luor o phenvlsilvl ovi 1 

A mixture of Silicon [di (2 , 3 -naphthalocyanine) ] 
di ( 2 , 3-dicyanophthalocyanine) dihydroxide (155 mg), 
chlorodimethylpentaf luorophenylsilane (565 yh) , imidazole 
(204 mg) and dimethylformamide (2 ml) was stirred at room 
temperature for 1 hour. The resultant was concentrated under 
vacuum on the rotary evaporator. The residue was 
chromatographed on two silica gel (GF, 1000 y, 20x20 cm) 
plates eluting with hexane, air drying the plate and re- 
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eluting with methylene chloride, vacuum dried and weighed (3 
mg) . 

UV-vis (tetrahydrofuran) (X max (nm) ) : 656,712, 740, 


800 


Fluorescence (tetrahydrofuran) (A max (nm) ) : 807 


Example 87 

Synthesis Of 5.6-dichloro - 1.3-diiminoisoindoline 

Anhydrous ammonia was slowly bubbled through a 
stirred mixture of 4 , 5-dichlorphthalonitrile (1.0 g) , 8% 
sodium butoxide in 1-butanol (500 /zL) , 1,4-dioxane (l ml), 
and dry 1-butanol (10 ml) for 60 minutes. With continued 
ammonia introduction, the mixture was refluxed for 2 hours . 
After the resultant had cooled, the product was collected by 
filtration, washed with methylene chloride (20 ml) , vacuum 
dried and weighed (0.63 g) . 


Example 8ft 

S ynthe . sis of — L.2 1 , 2 6 , 12 1 . 12 6 -tetr aphenvldinaphtho Tb. 11 - 
2 2 < 7 3 f 17 2 , 17 3 -tetrachlorodibe n zo fg. gl -5 . 10 .15.20- 


t . e . traazoporphyrinatol — silicon dihvdroxi de (abbreviated as: 

Silicon — [ dl ( 1 , g-diphenv l -2 , 3-nap hthalocvanine) 1 di ( 2 . 3 - 

dichlorophthalocyaninQ) dihvdroxide) 

Silicon tetrachloride (500 fiL) was added to a 
mixture of 5, 6-dichloro-l, 3-diiminoisoindoline (308 mg) and 
? -diphenyl-1, 3-diiminobenz [f] isoindoline (900 mg) in ' 


freshly distilled quinoline (14 ml) under an argon atmosphere 
and the mixture heated with stirring at 210 °C for l hour. 


The resultant was allowed to cool to 160 °C, treated with 


water (3 ml) and refluxed for 10 minutes. The mixi.,..,- w . 
cooled, treated with ether (50 ml) and filtered, washing 
solid sequentially with water (50 ml) and ether (100 ml). 


the 
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The organic layer of the filtrate was separated from the 
aqueous layer, washed sequentially with 1 N hydrochloric acid 
(50 ml) and water (100 ml) and evaporated with a rotary 
evaporator. The residue was chromatographed on a silica gel 
(70-230 mesh, 60 A) column (2x50 cm) equilibrated in hexane. 
The product was eluted with toluene - 10% isopropanol, 
vacuum dried and weighed (340 mg) . 

UV-vis (tetrahydrofuran) (X max (nrn) ) .- 716, 766, 694 . 


Example 89 

— q £ — L 2 . 1 , 2 6 r 12 1 , 12 s - tetraoh e nvldinaphtho fb . 1 1 - 
11 , 7 3 , 17 2 , 17 3 -tetrac hlorodi benzo fa. crl -5.10.15,20- 
£etrflflgopo;n?hyrinato1 silico n bis (7-ort-i- 
- enyldimethylsil , yloxj.de) , — (.abbreviated as - si:-icon rdi n 
diphe . nyl-2 , 3-naphthalo c vanine) 1 di ( 2 . 1 - 

-< 3iehl0E0phtha l 0CYanine)bis (dimethyl h exvlvi nv] si 1 yl oxi de ) ) 

A mixture of silicon [di (l , 6 -diphenyl - 2 , 3 - 
naphthalocyanine) ] di (2, 3-dichlorophthalocyanine) dihydroxide 
(340 mg), 7-oct-l-enyldimethylchlorosilane ( 1.1 ml), 
imidazole (325 mg) and dimethylformamide (7 ml) was stirred 
at room temperature for 48 hours. The resultant was 
concentrated under vacuum on the rotary evaporator. The 
residue was chromatographed on a silica gel ( 70-230 mesh, 60 
A) column (2x50 cm) equilibrated in hexane. The product was 
eluted with toluene, vacuum dried and weighed (75 mg) . 

UV-vis (tetrahydrofuran) (X max (nm) ) .- 720,770,698. 

Fluorescence (tetrahydrofuran) (A max (nm) ) : 781 


Sy nthesis of 1 



219/099 


-143- 

I L - 17-dibenZ0 (<7.a1 -5. 10 . 15 . 20 -tetraazoporphvrinatol silicon hi s 
X offtylbKidg) — (.abbreviated as: silicon dirfi.6-diphenvl)-2.3- 

HaPhthalocvanine) 1 dip hthalocyanine bis (ocl: vloxide ) 

A mixture of Silicon di (1, 6-diphenyl) -2 , 3 - 
naphthalocyanine] diphthalocyanine dihydroxide (49 mg) and 1 - 
octanol (1 ml) was refluxed with stirring on an oil bath at 
235°C for 3 hours. The resultant was concentrated under 
vacuum on the rotary evaporator (using a water bath at 60°C) 
The residue was chromatographed on two silica gel (GF, 1000 // 
20x20 cm) plates eluting with methylene chloride three times 
(air drying the plates between each elution) . The product 
was vacuum dried and weighed (19 mg) 

UV-vis (tetrahydrofuran) (A max (nm) ) : 642, 682 , 716 , 

746 

Fluorescence ( tetrahydrofuran) (A max (nm) ) : 751 

Example 91 

S ynthesis of — L 2 . 1 , 2 s . 12 1 . 12 6 -tetrap h envldlnaohtho |~b . 1 1 - 
1 < 17-dlbenzo (g, gl -5,10,15, 2Q-tetraazopornh v rinato1 sill con hi c: 

-i actyloxide) — ( abbreviated a?; silicon dim .fi-dinhftnvn.? •*_ 

a aphthalgcyanine] diphthalocyanine bis (phenoxidp) 

A mixture of Silicon di [ (1 , 6 -diphenyl) -2 , 3 - 
naphthalocyanine] diphthalocyanine dihydroxide (49 mg), and 
phenol (1 g) was refluxed with stirring on an oil bath at 
220°C for 2 hours. The resultant was allowed to cool and 
chromatographed on a silica gel (70-230 mesh, 60 A) column 
(2x50 cm) equilibrated in hexane. The product was eluted 

with hexane - 50% methylene chloride, vacuum dried and 
weighed (13 mg) . 

UV-vis (tetrahydrofuran) (X max (nm) ) : 654 , 704, 732 . 

768 

Fluorescence (tetrahydrofuran) (A raax (nm)) 


ns 
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Example 92 

Synthesis of T2 1 . 2 6 . 12 1 . 12 6 -tetraphenvldinapht:ho fb, 11 - 
7. 17-dibenzo (q. ql -5 . 10 . 15 . 20- tetraazoporphvrinato] silicon bis 

r poly (ethylene glycol) methyl etherl Labbre y ia . te d. as , 

Silicon fdi (1 , 6 -diphenyl -2 , 3 

naphthalocyanine) 1 diphthalocyanine bis TpoIv ( ethylene glycol) 
methyl etherl ) 

A mixture of Silicon [di (1, 6-diphenyl-2, 3- 
naphthalocyanine) ] diphthalocyanine dihydroxide (49 mg), 
poly (ethyleneglycol) methyl ether (400 mg), and 1,2,4- 
trimethylbenzene (5 ml) was refluxed with stirring on an oil 
bath at 220°C for 3 days using a Dean-Stark trap. The 
resultant was concentrated under vacuum on the rotary 
evaporator. The residue was chromatographed on a silica gel 
(70-230 mesh, 60 A) column (2x5 0 cm) equilibrated in methylene 
chloride and eluted sequentially with methylene chloride - 1% 
isopropanol, methylene chloride - 5% isopropanol, methylene 
chloride - 20% isopropanol, methylene chloride - 50% 
isopropanol and finally methylene chloride - 50% methanol. 

The product was vacuum dried and weighed (145 mg) . 

UV-vis (tetrahydrofuran) (^(nm) ) : 648, 692, 

726, 758 

Fluorescence (tetrahydrofuran) (A max (nm) ) : 765 

Example 93 

Of — L 2}., 2 s , 12 1 , 12 s - tet raphenvldinaohtho fb . 11 - 
Z < . 17-dxbgn go (g i r . gl -5 , 1 . 0 , 15 , 2Q-tetraazopornhvrinat-.o1 sili oon hi g 

-L ( , 4 -octyl ) phenoxidftl (abbreviated as: Si 1 i con Tdi M . 6 - 

d iphenyl - 3 , 3 na phtha locyanine) 1 dinhthal ocvan i ne h i ?■; U* _ 

■QCtvl) nhenox idel ) 
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A mixture of Silicon [di (1, 6 -diphenyl -2 , 3- 
naphthalocyanine ) ] diphthalocyanine dihydroxide (42 mg), 4- 
octylphenol (41 mg) and 1,2,4 - trimethylbenzene (5 ml) was 
refluxed with stirring on an oil bath at 200°C for 16 hours. 
The resultant was concentrated under vacuum on the rotary 
evaporator. The residue was chromatographed on a silica gel 
(70-230 mesh, 60 A) column (2x50 cm) equilibrated in hexane 
and eluted with hexane - 50% methylene chloride. The product 
was vacuum dried and weighed (49 mg) . 

UV-vis (tetrahydrofuran) (A roax (nm) ) : 644, 684, 716, 

746 


Fluorescence (tetrahydrofuran) (A max (nrn)) : 751 


Example 94 

£i-l.icon_.2 3 -naphthalocyanine 
bis (diroethyloctadecylsilyloxide) 

A mixture of Silicon 2 , 3 -naphthalocyanine 
dihydroxide (155 mg), chlorodimethyloctadecylsilane (l.04g), 
imidazole (204 mg) and dimethyl formamide (5 pih) was stirred 
at room temperature for 1 hour. The resultant was 
concentrated under vacuum on the rotary evaporator. The 
residue was chromatographed on a silica gel (70-230 mesh, 60 
A) column (2x50 cm) equilibrated in hexane. The product was 
eluted sequentially with hexane and methylene chloride, 
vacuum dried and weighed (180 mg) . 

UV-vis (tetrahydrofuran) (A roax (nm) ): 68 6, 732, 770 
Fluorescence (tetrahydrofuran) (A max (nm) ) : 776 


Example 95 

■ Synthesis of r2 1 ,2 6 ,12 1 ,1 2 6 -tet r a phenvldinanhi--horb . I 1 . 

— » 17-dlbenzo (cr, g) -5 . IQ . 15 . 20- tet r aazoporphvri natol silicon 


k is , fpoly (et hylene cr l v col) (abbreviated as: Silicon diffl.fi- 
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djp.he nvl) -2 ,.3.-naphthalocyaninel diphthalocvan.i ne 
bis fooly (eth ylene glycol) 1 ) 

A mixture of Silicon di [ ( 1 , 6 -diphenyl ) - 2 , 3 
naphthalocyanine] diphthalocyanine dihydroxide (49 mg), 

(ethylene glycol) (1 g) , and 1, 2, 4-trimethylbenzene (5 
ml) was refluxed with stirring on an oil bath at 210°C for 3 
days using a Dean-Stark trap. The resultant was concentrated 
under vacuum on the rotary evaporator. The residue was 
chromatographed on a silica gel (70-230 mesh, 60 A) column 
(2x50 cm) equilibrated in methylene chloride and eluted 
sequentially with methylene chloride - 1 % isopropanol, 
methylene chloride - 5% isopropanol, methylene chloride - 20% 
isopropanol and finally methylene chloride - 50% isopropanol. 
The product was then re -chromatographed on silica gel GF, 

1000 fi, 20x20cm) plates eluting sequentially (air drying the 
P^ a *- es between each elution) with methylene chloride, 
methylene chloride- 10% methanol and finally tetrahydrofuran . 
The product was vacuum dried and weighed (152 mg) . NMR (500 

MHZ, CDC1 3 ) 68.30 (m, 4H) , 8.25 (m,4H), 8.00(m,24H,) 7.77(m,4H), 

3 . 63 (m, CH 2 1 s) 

UV-vis (tetrahydrofuran) (A^ (nm) ) : 648, 692, 720, 

754 

Fluorescence (tetrahydrofuran) (X max (nm) ) : 760 

Example QS 

S ynthesis of ( 2 1 , 2 s , 1 a 1 , 12 6 -tet raphen vldinar>hthn fh. 7 ) 7. 1 7 - 

dl benzofq.ql 1 -t > 1 10 , 15 , 2P-tetraa7oporphvr--i n atol si 1 i r-i-in 

iBa lYteehYl^ . qlYCQ])! faror.v.l no1v , a , h .. 1s „. 

a l YCg i n (abbTrqviJirpq as; -Silicon , 

na phtha locyaninel diphthal ocy anine fnoivf 0 ^ Yl . n .. 

< l I yC0X)l (poly (ethylene gl vcol) acety l thionT-opjonat-gl 1 
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A mixture of acetylthiopropionic acid, (15 mg) , 
i/i ” carbonyldi imidazole (16 mg) and dimethylformamide (l 
ml) was stirred at room temperature for 40 minutes. A 
portion of this solution ( 100 fj.'L) was added to Silicon 
di [ (1, 6 -diphenyl) -2, 3-naphthalocyanine] diphthalocyanine bis 
[poly (ethylene glycol)] (49.5 mg) and the mixture stirred at 
room temperature for 3 days. The resultant was concentrated 
under vacuum on the rotary evaporator. The residue was 
chromatographed on a silica gel (GF, 1000 n, 20x20 cm) plate 
with tetrahydrofuran, vacuum dried and weighed (3 

mg) . 


750 


UV-vis (tetrahydrofuran) (A max (nrn) ) : 644, 690 , 718 , 


Fluorescence (tetrahydrofuran) (A raax (nm) ) : 754 


Example 97 

S ynthesis of r 2 ^ 2 ^ 12 ^ 126 -tet r aP henv 1 d-manhthnrh n_ 
2 1 . , 7 3 , 17 2 , 17 3 -tetracarboxvdiben ^ o rcr. ql -5.10. 15. 20- 
■t g - traasop . orphvrinatpl silicon dihvdr-o x ide ( a hhr S vi a fpri 
S ilicon d l f (1 , 6-diphenvl) 2, 3-naphthal o cvanlneldi (9..^- 
^ y . garb . PKVT?hthalocvanin e ) dihvdroyi ripl 


A mixture of Silicon di [ (l, 6 -diphenyl) -2, 3- 
naphthalocyanine] di ( 2 , 3 -dicyanophthalocyanine) dihydroxide (36 
mg) and concentrated sulfuric acid (200 ^ L) was heated with 
stirring at 50 °C for 48 hours. The cooled mixture was then 
carefully treated with water (150/uL) and heated with stirring 
at 100°C for 20 hours. The cooled mixture was then treated 
with water (l ml) and the dark precipitate collected by 
filtration washing with water (1 ml) . The solid was then 
treated with l N potassium carbonate solution (1 ml) and 
refluxed with stirring for 1 hour. The cooled mixture was 
acidified to pH 2 by dropwise addition of 6 N hydrochloric 
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acid and the fine dark green solid product filtered, washing 
with water (1 ml) . The solid was vacuum dried and weighed 
(20 mg) . 

UV-vis (tetrahydrofuran) (A max (nm) ) : 636, 658, 716, 

788. 


Fluorescence (tetrahydrofuran) (A max (nm) ) : 791. 


Example 98 

Synthesis of 12 1 , 2 6 . 12 1 . 12 6 -tetraphenvldinaphtho \h. 1 1 - 
■ 7 2 ' 73 < 1 . 7 2 , 17 3 - tetrac arboxvdibenzo [~q. crl -5 . i n . 15 . 20 - 
t - e . tr99gQt?orphYrinatol Silicon bi s fpolv (ethylene alvcol ) methyl 

- e . t . her1 (abbreviated as; silicon di r (1 , 6-djphenvi) 2 . 3 - 

naphthglocva.ninel di (2 . 3- d icarboxvphthalocvam’ 
b is fpoly( eth ylene glyc ol) methyl ether!) 

A mixture of Silicon di [ (1 , 6 -diphenyl) -2 , 3 - 
naphthalocyanine] di { 2 , 3 -dicarboxyphthalocyanine) dihydroxide 
(10 mg), poly (ethylene glycol) methyl ether 

(80 mg) and 1, 2 , 4-trimethylbenzene (1 ml) was refluxed with 
stirring on an oil bath at 220°C for 3 days using a Dean-Stark 
trap. The resultant was concentrated under vacuum on the 
rotary evaporator. The residue was chromatographed on a 
silica gel (GF, 1000 ii, 20x20 cm) plate eluting with 
methylene chloride - 10% methanol, air drying the plate and 
re-eluting with methylene chloride - 10 % methanol. The 
green product was vacuum dried and weighed (8 mg) . 

IR (KBr) 1712 cm' 1 (COOH) 

UV-vis (tetrahydrofuran) (A max (nrn)) : 648,702,726,792. 

UV-vis (water) (A^tnm)) : 712, 816. 

Fluorescence (tetrahydrofuran) (A max (nm) ) : 800 . 


Example 99 


S ynthesis of silicon , ( xv) 2, 3 - n aphthalocyanine 
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^hutvldimethvlsily loxide) 

A mixture of silicon naphthalocyanine dihydroxide, 
tert-butyldimethylchlorosilane (390 mg), imidazole (180 mg) 
and dimethylformami.de (5 ml) was stirred at 15 0°C for 3 0 
minutes . The resultant was chromatographed on a silica gel 
(70-230 mesh, 60 A) column (2x50 cm) equilibrated in hexane. 
The product was eluted sequentially with hexane and toluene, 
vacuum dried and weighed (6 mg) . 

UV-vis (tetrahydrofuran) (A max (nm) ) : 772,730, 686. 
Fluorescence (tetrahydrofuran) (A max (nm) ) : 775 . 
l H-NMR (500 MHZ, CDC1 3 ) 6 10.14 (s,8H), 8.67(m,8H), 

7.90 (m, 8H) , -1 . 20 (s , 18H) , -2.60(s,12H) 

Example inn 

S ynthesis of Silicon (IV) — ohthal ocvanine bi s ( te-r-t- -but- vl - 
dimethyl silyloxi^p>) 

A mixture of Silicon (IV) phthalocyanine dihydroxide 
(200 mg), tert-butyldimethylchlorosilane (525 mg), imidazole 
(272 mg) and dimethylformamide (5 ml) was stirred at 150°C for 
30 minutes. The resultant was chromatographed on a silica 
gel (70-230 mesh, 60 A) column (2x50 cm) equilibrated in 
hexane. The product was eluted sequentially with hexane and 
toluene, vacuum dried and weighed (12 mg) 

UV-vis (tetrahydrofuran) (\, ax (nm) ) : 666 , 636 , 600 . 
Fluorescence (tetrahydrofuran) (A max (nm)) : 671 . 

^-NMR (500 MHZ, CDCl 3 ) 5 9.65 (m,8H), 8.33 (m, 8H)\ 

"1 • 45 (s, 18H) / -2 . 98 (s, 12H) 

Example im 

S ynthesis of — L 2 1 , ? 2 -dichlorobenzn r bi -7 . 1 2 . 1 7-t-ri 

nasti thg) fg.l „ql -5, l , i). is 
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d i hydros idg_( .abkr.e yi a t e , d .. as t . sili c o n .. [tri C .2^3- 

nagMiia l o.cy a n in s ) la. , , 3 --d i s MQ rQp.b, tha l p .c yanine , di . hy . droxi . de .) 

Silicon tetrachloride (600 //L) was added to a 
mixture of 5,6-dichloro 1, 3-diiminoisoindoline (100 mg) and 
1, 3-diitninobenz [f ] isoindoline (466 mg) in freshly distilled 
quinoline (4 ml) under an argon atmosphere and the mixture 
heated with stirring at 210 °C for 2 hours . The resultant was 
allowed to cool, treated with water (20 ml) and refluxed for 
20 minutes. The mixture was cooled, treated with ether (io 
ml) and filtered, the solid was washed sequentially with 
water (2x20 ml) , ether (3x20 ml) , methylene chloride (10 ml) 
and acetone (20 ml) . The solid was vacuum dried and weighed 
(0.83 g) . The crude product was used without purification 
for the next step. 

Example 102 

Synthesis., of ( 2 1 . 2 2 -dichlorobenzo Tbl -7 , 12 , 17-tri (2.3- 
naphtho) rg, 1 . crl -5 . 10 , 15 . 20 . -tetraazoporphyrinatol silicon 
Il ls ( 7 tPSt - l- . anyldimethvls ilyl oxide) (abbreviated as: 
E.iliconlt.ri (2 , 3-naoht halocvanine) 1 2 . 3 -dichlorophthalocvanine 
bis (dimethvlhexylv invlsilvloxidP.) ) 

A mixture of silicon [tri (2 , 3 -naphthalocyanine) 2 , 3 - 
dichlorophthalocyanine dihydroxide (400 mg) and 7-oct-l- 
enyldimethylchlorosilane (1.5 ml) was stirred at room 
temperature for 15 hours. The resultant was concentrated 
mder vacuum on the rotary evaporator. The residue was 
chromatographed on a silica gel (70-230 mesh, 60A) column 
cm) equilibrated in hexane. The product was eluted 
with toluene, vacuum dried and weighed (35 mg) 

UV-vis (tetrahydrofuran) (X, njx (nm) e (M 'em 1 ) ) : 770, 

728, 688, 654, 182000. 

Fluorescence (tetrahydrofuran) (A max (nm) ) : 774 , 727 . 
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Example 102 

Synthesis Of T2 1 , 2 2 - dichlorobenzo fbl -7 . 1 ? . 17-hri f ? . -3 - 
n flphthc) f c Ti-l « <?1 -5 . 10 , 15 . 20 . - t e traazoporphyrinatol si 1 Iron 
b is r^imgthYXpgn tgfluoro p h envlsilvl oxide) 1 (abhr^vi^PH ag . 
■ Silicon T trj. — ( 2.i 3 -naphthalocvanine ) 1 2 . 3 - dichlorophthalocyani np 
hi? (dimethvlpentafluor o phenvlsilvlnyiriP ^ ) 

A mixture of silicon [tri (2 , 3 -naphthalocyanine) ] 2 , 3 - 
dichlorophthalocyanine dihydroxide (400 mg), 
chlorodimethylpentaf luorophenylsilane (l.o ml), imidazole 270 
mg) and dimethylformamide (5 ml) was stirred at room 
temperature for 16 hours. The reaction mixture was filtered, 
washing the solid with dimethylformamide (4x2 ml) . The 
filtrate was evaporated under vacuum on the rotary 
evaporator. The residue was dissolved in toluene and 
filtered. The filtrate was concentrated under vacuum on the 
rotary evaporator. The residue was chromatographed on a 
silica gel (70-230 mesh, 6oA) column (2x50 cm) equilibrated in 
hexane. The product was eluted sequentially with hexane and 
toluene, vacuum dried and weighed (34 mg) 

UV vis (tetrahydrof uran) (A max (nm) e (M^cnr 1 ) ) : 780 , 

736, 696, 662/ 142000. 

Fluorescence ( tetrahydrof uran) (A max (nm) ) : 735, 784 

nm. 


Example 104 

Synthesis Of Fa 1 , 2 s , 12M,2 6 -tetrapheny] d-i n anhtho TK i]_ 
2 -u l 7 -di (2 , 3 -naphtho) ra.rri-^ 1 0.15.2n- 
■L etrggzopprphyrinaf.ol sin ic o n bis (7-oct-i _ 
ana d . ^nwthylf.uyloxlde) (abbreviated siKconMW, 

di phenyl . naphthalocva nirie ) idinanhthainr Y an^ n 
hi gldimethylhexvlvinvi s i ivinyidpi ^ 
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A mixture of silicon [di (1, 6 - 

diphenylnaphthalocyanine ) ] di-2 , 3 -naphthalocyanine dihydroxide 
(25 mg) and 7-oct-l-enyldimethychlorosilane (60 /zL) , imidazole 
(16 mg) and dimethylformamide (4 ml) was stirred at room 
temperature for 3 days. The resultant was concentrated under 
vacuum on the rotary evaporator. The residue was 
chromatographed on a silica gel (70-230 mesh, 60A) column 
(2x50 cm) equilibrated in hexane. The product was eluted 
sequentially with hexane and toluene, vacuum dried and 
weighed (15 mg) . This compound has also been isolated as a 
by-product during the chromatographic purification in Example 
75 . 

UV-vis (tetrahydrof uran) (A max (nm) e (M _1 cm' 1 ) : 786, 

440000. 

Fluorescence (tetrahydrof uran) (A max (nm) ) : 792 . 
l H-NMR(500 MHZ, CDC1 3 ) : 5 - 2 . 9 (S , 12 11 ) ; - 2 . 0 (m , 4H) , 

1 . 07 (m, 4H) , -0.06 (m,4H) ,0.17 (m,4H) , 0.6(m,4H), 1.4(m,4H), 

4.7(m,4H), 5.3(m,2H), 7.8(m,8H), 8.03(m,16H) ,8.l5(m,4H), 

8.38 (m, 8H) , 8.8 (m,4H). 


Example inq 

S ynthesis of fZ 1 , 2 6 , 12 1 . 1 2 6 -tetrap henvldi napht-hn rb i ] - 

•2-. 17-di (2 ,3-naphtho) fa. gl - 5 , 10 . i g , ?n- 

£ gtraazoporffhyrin^toi siii cc >n dih vdroxide 

as. ;Silicon Tdi ( 1 , fi-diphenvlnanththai ocy a nine) 1 dn ngnht-h^i ^ 
gyanine di hydroxide) ) 


Silicon tetrachloride (600 ^L)was added to a 
mixture of 4,9-diphenyl 1 , 3-diiminobenz [f ] isoindoline ( 1.0 g) 
and 1/ 3 diiminobenz [f] isoindoline (50 mg) in freshly 
distilled quinoline (7 ml) under an argon atmosphere n„,l ,l„. 
mixture heated with stirring at 210 °C for 2 hours. The 
resultant was allowed to cool, treated with water (10 ml) and 
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ref luxed for 15 minutes- The mixture was cooled, treated 
with ether (20 ml) and filtered. The organic layer of the 
filtrate was washed with 1 N hydrochloric acid (2x20ml) . The 
solid was washed with methylene chloride (Sx20ml) . The 
organic phases were combined and evaporated with a rotary 
evaporator. The residue was chromatographed on a silica gel 
(70-230 mesh, 6oA) column (2x50 cm) equilibrated in methylene 
chloride. The product was eluted with toluene - 10% 
isopropanol, vacuum dried and weighed 
(25 mg) . 

UV-vis (methylene chloride) (A raax (nm): 794 . 


Example lOfi 

S ynthesis Of Silicon — ( IV) — phthal ocvanine bis ( 7 -ocr - 1 -pnyl 
dimethylsilvloxide — (.abbreviated as : Sil i con phhhalnnvam'np 

bis (dimethvlhexvl vinvloxide) ) 

A mixture of silicon phthalocyanine dihydroxide 
500 mg), 7-oct-l-enyldimethylchlorosilane ( 2.5 ml), imidazole 
(680 mg) and dimethylformamide (.10 ml) was stirred at room 
temperature for 48 hours. The resultant was evaporated under 
vacuum on the rotary evaporator. The residue was dissolved in 
toluene (20 ml) and filtered. The solid washed with 
toluene (40 ml) . The filtrate was concentrated under vacuum on 
the rotary evaporator and was chromatographed on a silica gel 
(70-230 mesh, 6oA) column (2x50 cm) equilibrated in hexane. 

The product was eluted sequentially with hexane and toluene, 
vacuum dried and weighed (324 mg) . 

UV-vis (tetrahydrofuran) (A max (nm)e(M- 1 crn- 1 ) .- 668, 

636,660, 283000 


Fluorescence (tetrahydrofuran) (nm) ) : 673 
l H-NMR(500 MHZ, CDC1 3 ): 5 -2.8(s,12H), - 2.27 


(m, 4H) , 
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-1.33 (m, 4H) , -0 . 20 (m, 4H) , 0.31 (m,4H), 0.84(m,4H), 

1 . 54 (m, 4H) , 1.80 (m,4H), 4.94(m,4H), 5.75(m,2H), 

8.3 (m,8H) ,9.65 (m, 8H) . 

5 Example 107 

Synthesis of Silicon (IV) phthalocyanine (10-carbomethoxy 
decyldimethylsilyl oxide) (dimethvlvinvls.ilylo.xide.) 

A mixture of silicon (IV) phthalocyanine dihydroxide 
(500 mg) , imidazole (300 mg) , dimethylformamide (6 ml) and a 
10 mixture of (10-carbomethoxydecyldimethylchlorosilane (590 mg) 

and chlorodimethylvinylsilane (250 mg) was added and the 
= reaction mixture stirred at room temperature for 24 hours. 

il. The resultant was concentrated under vacuum on the rotary 

/. evaporator. The residue was chromatographed on a silica gel 

15 (70-230 mesh, 6oA) column (2x50 cm) equilibrated in hexane. 

'-■V The products (a) Silicon (IV) phthalocyanine bis (10- 

carbomethoxy decyldimethyl silyloxide) • (100 mg) and (b) 

T silicon (IV) phthalocyanine (10-carbomethoxydecyl- 

r dimethylsilyloxide) (dimethylvinylsilyloxide) (68 mg) were 

20r- eluted with toluene. 

(a) UV-vis (tetrahydrofuran) (X max {nm) : 666,638,602. 

Fluorescence ( tetrahydrofuran) (X raax (nm) ) : 671. 

1 H-NMR(500 MHZ, CDCl 3 ) : 5 -2.90(s,12H) ,2.27(m,4H), 

-1.35 (m, 4H) , - . 22 (m, 4H) , 0.25(m,4H), 1.18 (m, 4H) , 1.0(m,4H), 

25 0.70 m,4H)1.65(m,4H) , 2.35(m,4H), 3.7{s,6H), 8.33(m,8H), 

9 . 64 (m, 8H) . 

UV-vis (tetrahydrofuran) (X max (nm) ) : 668, 636,602. 
Fluorescence (tetrahydrofuran) (X max (nm) ) : 673. 

X H-NMR (500 MHZ, CDC1 3 ) : 6 -2.9(s,6H), -2.75(s,6H), 
-2.27(m,4H), - 1 . 3 6 (m, 4H) , -0 . 015 (m, 4H) , 0.027 (m,4H), 0.07 
m,4H) ,0.10 (m, 4H) , 1 . 21 (m, 4H) , 1.65(m,3H), 
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2.33 (m,3H) ;3.0 (m,lH) , 3.4(m,lH), 3.6(3), 3.7(s), 

4.26 (m,lH) ; 8 . 3 3 (m, 8H) , 9.6 (m,8H) . 

Example 108 

5 Synthesis of Sulf o T2 1 . 2 s . 12 1 . 12 s - tetraphenyldinaphtho Tb . 1 1 - 

7 . 17-dibenzo fq.al -5 . 10 . 15, 20-tetraazoporphvrinatol silicon 

dihydroxide (abbreviated as: Sulfa Silicon dif(l.6- 

di-ohenyl) -2 . 3 -naphthalocvaninel diphthalocyanine dihvdroxide) 
A mixture of Silicon di [ (1, 6 -diphenyl) -2, 3- 
10 naphthalocyanine] diphthalocyanine) dihydroxide (0.2 g) and 

chloroform (2 ml) was stirred at room temperature for 10 
1 minutes under an argon atmosphere. The mixture was then 

cooled in an ice-bath and dhlorosulfonic acid (2 ml) was 
r added. The mixture was stirred in the ice-bath for 15 

IS. minutes and then at room temperature for 20 minutes. The 

mixture was then refluxed for 2 hours, cooled and poured onto 
crushed ice (100 g) . The resulting green mixture was 
^ extracted with chloroform (2x30 ml) . The combined organic 

layers were washed with water (20 ml), dried (MgSOJ and 
2<£ evaporated with a rotary evaporator. The brown residue was 

treated with 6 N potassium hydroxide (3 ml) with swirling and 
after 5 minutes the mixture was partitioned between water (40 
ml) and ether (20 ml) . The aqueous layer was acidified with 
1 N hydrochloric acid (15 ml) , washed with ether (40 ml) and 
evaporated with a rotary evaporator. The residue was vacuum 
dried and weighed (8 mg) . 

UV-vis (methanol) ( (A roax (nm) ) : 650, 658, 692, 726, 

748 (sh) . 

UV-vis (water) ( (^(nm) ) : 654, 662, 732, 758 (sh) . 
Fluorescence (water) ( (\ max (nm) ) : 773 . 

IR(KBr) (cm 1 ) : 3153, 1720, 1405, 1225, 1182, 1037, 

1014, 622. 


30 
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Example 109 

■ Synthesis of Aeetvlthiopropi o nic Acid 

To a stirred solution of 3-mercaptopropionic acid 
(7 ml), and imidazole (5.4 g) in tetrahydrofuran (700 ml) 
was added, dropwise, over 15 minutes, under argon, a solution 
l-acetylimidazole (9.6 g) in tetrahydrofuran (100 ml) 

The solution was allowed to stir a further 3 hours at room 
temperature after which time the tetrahydrofuran was removed 
under vacuum. The residue was treated with ice-cold water 
(18 ml) and the resulting solution acidified with ice-cold 
concentrated hydrochloric acid (14.5 ml) to pH 1.5 -2.0 The 
mixture was extracted with diethyl ether (2x50 ml) , the ether 
was washed with water (2x50 ml) and dried over MgS0< and 
evaporated. The residual crude yellow oily solid product 
(10.5 g) was recrystallized from chloroform-hexane to afford 
4.8 g (41% yield) acetylthiopropionic acid as a white solid 
with a melting point of 44° - 45°c* 



219/0 99 


-157- 

Example no 

S ynthesis g f fs 1 , 2 s , 12 1 . 12 6 -tet r aphenv1 dinaohtho [~h. 11 7 i 7 - 
■ dlbsnzc fg, ql , -5 , IQ , 15 . 20-tetraaz o Dorphyrinatol sil i con 

■I ppiy (ethylene glycol ) 1 fthiopropionvi poivfer.hvipnp 

glycol) 1 (abbreviate d as; si licon di r g . 6-diphfinvii -s . t- 
naphthalegyaninel diphthalo c vanine fpolv (athv.i 
glyco l ) 1 fpg l y (ethvlene qlvcol) thiopropional-.pl ) 

A solution of silicon di [ (1 , 6 -diphenyl ) -2 , 3 - 
naphthalocyanine] diphthalocyanine [poly (ethyleneglycol 
thiopropionate] in 0.12M potassium carbonate in 80% methanol 
^ ^1) was allowed to stand at room temperature for 5 
minutes. The pH of the solution was then adjusted to 7 by 
dropwise addition of a solution of 0.5 M potassium phosphate 
pH 7 which was made IN in hydrochloric acid. The thiol 
content of the solution was estimated by Ellman's method 
using dithionitrobenzoic acid. The title compound in 
solution is capable of being conjugated to ligand analogues, 
proteins, polypeptides and nucleic acids containing for 
example, maleimide or alkyliodide functional groups. 


Example in 

S ynthesis of ?, fa-qmino-4-thipl frrtanoi c acid hhi n i aP M no) . 
t^ omoacstamide (abbreviated a S: h- r omoacet v i.-HrT T h 

Bromoacetic acid (1.0 g) , homocysteine thiolactone 
hydrochloride (1.1 g) and pyridine (1.2 ml) were dissolved in 
anhydrous dimethylformamide (36 ml) and l-( 3 - 

dimethylaminopropyl) -3-ethylcarbodiimide hydrochloride (i. 52 
S) was added. The reaction was stirred at room temperature 
for 18 hours. The solvents were removed under vacuum, 
ethanol (10 ml) was added to dissolve the residue and 
the ethanol was removed under vacuum. Ethanol (10 ml) was 
again added to dissolve the residue and was again removed 
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under vacuum. Water (20 ml) was added to the oil and the 
aqueous solution was extracted 3 times with methylene 
chloride (45 ml) . The combined organic extracts were dried 
over anhydrous magnesium sulfate. The solution was filtered 
and the solvent was removed under vacuum to give a clear oil. 
Diethyl ether (5 ml) was added and the resulting precipitate 
was collected and washed on a fritted funnel . The 
precipitate was dried under vacuum and 1.0 g of the title 
compound was recovered. 

Example 112 

£_vn£he.s-is of r2-naphtho fbl -7 . 12 . 17-tribenzo fa. 1 ,q) - 
5. .10 ■ 15 , 20-tetraazopo rphyrinatol silicon dihydroxide 
.(.abbreviated as: silicon 

■ll-Virtri. (Phthalo) naphthalocyaninel hydroxide 

Silicon tetrachloride (912 /xL) was added to a 
mixture of 1, 3-diiminoisoindoline (l.o g) and 1,3 - 
diiminobenz [f] isoindoline (0.25 g) in freshly distilled 
quinoline (3 ml) under an argon atmosphere and the mixture 
heated with stirring at 210 °C for 2 hours. The resultant was 
^Howsd to cool, treated with water (25 ml) and refluxed for 
15 minutes. The mixture was cooled, the solid filtered, 
washing the solid sequentially with water (3x10 ml) and ether 
(5x10 ml) . The solid was vacuum dried and weighed (1.5 g) . 


S y nthesis of r2-na phtho Tbl - 7 . 12 . 17-tribenzo ra, 1 . a) -5.10.15.20- 
£a fcraagc>ppgph vripato1 s ilicon bis (7-oct-i-envidimPt-hyi 
s ilyloxide i — (abbreviated as? Silicon 


-Lt ri (Phthalo) naphthalocyaninel 
M.g-(dime thylhexvlvinvlsi lyloxide) ) 
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A mixture of Silicon 

(IV) [tri (phthalo) naphthalocyanine dihydroxide (1.0 g) . 7-oct- 
1-enyldimethylchlorosilane (3.0 ml), imidazole (0.68 g) and 
dimethyl formamide (10 ml) was stirred at room temperature for 
24 hours. The resultant was concentrated under vacuum on the 
rotary evaporator. The residue was chromatographed on a 
silica gel (70-230 mesh 60A°) column (2x50 cm) equilibrated in 
hexane. The product was eluted sequentially with hexane and 
hexane - 3% toluene, vacuum dried and weighed (11 mg) . 

UV-vis (methylene chloride) ( (A max (nm) ) : 716, 704, 

684, 648, 618 

Fluorescence (methylene chloride) ( (A raax (nm) ) : 7io 

^-NMR (500MHz, CDC1 3 ) : 5 -2.8(s,12H), -2.2(m,4H),- 
1.23 (m,4H), -0.16 (m, 4H) , 0.27(m,4h), 0.78(m,4H), 

1 . 7 (m, 4H) , 4 . 9 (m, 4H) , 5.7(m,2H), 7.94(m,2H), 8.3(m,6H), 

8 . 7 (m, 2H) , 9.6(m,6H), 10.1(S,2H). 

Example 114 

Syn thesis- Of Sulf o T2 1 , 2 s . 12 1 . 12 6 -tetraphenvldinaphtho rh . 11 7 . 1 7- 
dibenso -I q,qT -5 , 10 , 1 5 , 2Q - -tetraa zoporphyrinatol silicon fw- ( 2 - 
h. U - tyrPth3.Placton_e) amidomethoxi d el hydroxide (abbreviated as 
£ ulfo silicon _di r (1 . 6-diphen vl) -2 . 3- 
aaPht halocvaninel diphthalocvanine f- 2 - 
b lLtyrothiolactone) amido m ethoxidel hydroxide 
A mixture of sulfo silicon di [ ( 1 , 6-diphenyl) - 2 , 3 - 
naphthalocyanine] diphthalocyanine dihydroxide (200 mg), 
bromoacetyl homocysteine thiolactone (7 mg) and powdered 
potassium carbonate (180 mg) , in dimethyl formamide (2 ml) was 
stirred under argon at room temperature for 24 hours . The 
solvent was evaporated with a rotary evaporator, the residue 
treated with ethanol (2 ml) and filtered washing with ethanol 
(2 ml) . The filtrate was evaporated, and the product vacuum 
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dried and weighed ( 200 mg) . This product was used without 
further purification in the next step. 


Example 115 

5 Synthesis of Sulfo T2 1 . 2 6 , 12 1 . 12 6 -tetraohenvldinap.htho fb, 1L7 J7- 

dibenzo fq.ql -5 , 10 . 15 . 20-tetraazooorohvrinatol silicon fN- 

.(c ys t s ine} ami dome t hoxids Ihydr ox i d e .. (abhreyi . at .ed-. 9 s : S ul f o . 

silicon di r (1 . 6-diphenyl) -2 . 3- 
naphthalocyaninel diphthalocyanine l~N- 
10 _( cvsteine) amido methoxidel hydroxide) 

A solution of sulfo silicon di [ ( 1 , 6 -diphenyl - 2 , 3 - 
naphthalocyanine] diphthalocyanine [N- (2- 
/ butyrothiolactone) amidomethoxide] hydroxide (lOmg) in water 

i; (182 ml) was treated with 1 N potassium hydroxide solution 

IS ;; (46 ml) and allowed to stand at room temperature for 10 

minutes. The pH of the solution was then adjusted to 7 by 
t dropwise addition of a solution of 0.5 M potassium phosphate 

r pH 7 which was made 1 N in hydrochloric acid. The thiol 

t content of the solution was estimated by Ellman 1 s method 

20r using dithionitrobenzoic acid. The title compound in solution 

is capable of being conjugated to ligand analogues, proteins, 
polypeptides and nucleic acids containing, for example, 
maleimide or alkyliodide functional groups . 


25 


30 


■S ynthesis of -Silicon tetra -tert-butylphthalocyanine bis f (4- 

iiminobutyl? dimeth vlsilyloxide) 

To a stirred solution of silicon tetra- tert-butyl 
phthalocyanine dihydroxide (800 mg) in pyridine (140 ml) was 
added 4-aminobutyldimethylmethoxysilane (950 /it) . The 
solution was heated to reflux and pyridine allowed to distill 
off until 50 ml of distillate had been collected. The 
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solution was allowed to cool and the residual pyridine 
removed under vacuum. The residue was chromatographed on a 
silica gel (70-230 mesh, 60A, 3x50 cm) column equilibrated in 
methylene chloride. The product was eluted sequentially with 
methylene chloride, tetrahydrofuran and finally 
tetrahydrofuran - 2% triethylamine . The dark blue product 
was vacuum dried and weighed (355 mg) . 


UV-vis (tetrahydrofuran) (Amax(nm)): 606, 644 , 672. 


Example 117 

S ynthesis of Sulfo T2 1 , 2 s , l?, 1 , 12 6 - tetraphenvldinanhtho H-> 11 - 
2-<.. 17-dibenzo Tg, ql . -5 . 10 , 15, 20-tetraazopo rphv rinatol s-i i 

dihydroxide (abbreviated as; Sulfo silicon dim £- 

d iphenyl) -2 ,3-naphthfllQevaninel diphth a locvani ne ri-ih Y Hrox-iri ,=0 
Silicon di [ (1, 6-diphenyl) -2,3- 

naphthalocyanine] diphthalocyanine dihydroxide (no mg) was 
dissolved in (1 ml) concentrated sulfuric acid, and 10 
minutes later chlorosulfonic acid (150 ml) was added. The 
reaction mixture was then heated in an oil bath (100-130'C) 
for 2.5 hours. The reaction mixture was allowed to cool to 
room temperature and poured onto crushed ice (30 g) . The pH 


of the green solution was adjusted with solid potassium 
carbonate to pH = 9 . 0 . The solvent was evaporated with a 
otary evaporator. The residue was dissolved in 200 mM 
potassium phosphate buffer (pH = 7.0) and applied to a C 18 - 
column (12 cm x 2.5 cm) that was equilibrated in 200 mM 
potassium phosphate buffer (pH = 7.0) . The column was washed 
with 200 mM potassium phosphate buffer (pH = 7 . 0 ) (50 ml) 

water (300 ml), and the product was eluted with a mixture of 
water and methanol 2:1 (v/v) . The solvent was evaporated 



.219/099 


-162- 

with a rotary evaporator. The residue was vacuum dried and 
weighed (137 mg) . 

UV-vis (Water) (X niax(nm) ) 658 , 698 , 732, 756 (sh) . 

UV-vis (Methanol) (X max ( nm >) in neoH = 648, 688, 724, 742 (sh) . 

IR(KBr) (cm” 1 ) 3629, 3465, 3065, 2593, 1721, 1622, 1521, 1422, 
1353, 1335, 1284, 1194, 1088, 1039, 1013, 941, 906, 821, 760, 

651, 620. 

■^H-NMR (500 MHZ, DMSO-d s ) 5 = -2 . 4 (s , OH) , 8 . 1 (m, Ar - H) . 

Example 118 

£j- YQ . t . heSl S of .. Sul fO-12 1 . 2 s . 12 1 . 12 s - tetraphenvldinaphtho fb. 11 - 

2- » .1. 7 - rdib . enZ0 [g, gl - 5 . 10 , 15 . 20-tetraaz oporphyrinatol silicon 

bins.. .(4-am ingbutvldimethvlsilane) (abbreviated as: finlfn 

.Silicon di f LJl, 6-diphenyl - 2 . 3 -naphthalocvanine) 

Khkh-alocyanin el his (4-Aminobutvldimethvlsilane) 

To a suspension of sulfo silicon di [ (l, 6 -diphenyl - 
2-3-naphthalocyanine) phthalocyanine] dihydroxide (32 mg) in 
pyridine (20 ml) was added 4- aminobutyldimethylmethoxysilane 
(50 ml) , and the reaction mixture was heated in an oil bath 
(140 c) for 3 hours. The reaction mixture was allowed to cool 
to room temperature, and DMF (5 ml) was added followed by 4- 
ciminobutyl-dimethylmethoxy- silane (100 ml) . The reaction 
mixture was then refluxed for 16 hours. After cooling the 
solvent was evaporated with a rotary evaporator. The residue 
was dissolved in methanol (2 ml) and applied on a C 18 column. 
The column was washed with 

(200 mM) potassium phosphate buffer pH = 7 . o (20 ml), water 
(200 ml), water/methanol =3:1 (v/v) (40 ml), water/methanol 

= 2:1 (v/v) (40 ml) . The product was eluted with 35% 
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methanol, the solvent was evaporated with a rotary 
evaporator, and the product was dried under vacuum and 
weighed (32 mg) . 

UV-vis (Water) (X 658, 696 (sh), 730. 

UV-vis (Methanol) (X maxim.)) 648, 686, 722, 748 (sh) . 

Example 119 

SYn.theglB__Qf_Sul.fo T2 1 , 2 s . 12 1 . 12 g -tetraphenvldinaohtho fb. 11 - 

.? ,.1.7-di.b e pa.O.[g,..qJ 7 5 ,.LQ , 15, 20.-tet.raazoporphyrinato1 silicon 

bis (3-amino-propyldiisopropylsilvloxide) (abbreviated as-. 
Sulfo Silico n di T (1 , 6-diphenyl-2 , 3 -naphthalocyanine) 
ahthalocvaninel bis- (3-amino-propyldiisoDropylslIyloxi.de ) 

A mixture of sulfo silicon di [ (1 , 6 -diphenyl) - 2 - 3 - 
naphthalocyanine] phthalocyanine dihydroxide (50 mg) 3- amino - 
propyldiisopropylmethoxysilane (190 microliters) in toluene 
(2ml) was refluxed for 16 hours. After cooling to room 
temperature the solvent was evaporated with a rotary 
evaporator. The green oily residue was applied to a C 18 
column. The column was washed with (200 mM) phosphate buffer 
(pH = 7.0) (50 ml), water (200 ml), water/ methanol 

[(3:1; (v/v) (20 ml)], water/methanol 2:1 (v/v) . The product 

was eluted with 95% methanol. The solvent was evaporated with 
a rotary evaporator, and the residue was vacuum dried and 
weighed (40.0 mg). 


UV-vis (Methanol) (X ^I^,) : 648, 686, 724, 744 (sh) . 
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Sfllthegig of Sul f o [ 2 1 , 2 s , 12*. ^-tetraohenvldS n^ht-ho fh n. 

X, 17-dlfrenzp fg, <?1 - 5,10, — 15 , 20-t etraazoporohvrinatol si 1i r.nn 
h i . ?- I (lQ-cerbQmethoxvdecyl) dimet h vlsilvl nxidel (abbreviated 

S ulfb Silicon di [ . (l , 6-diphe n y l ) -2 . 3 -naphthalocvan i npl 

d . iphthfrlo.cyanine bis - f (lO-carbomethoxydficvl ) 
dimethyls i lyl nvid,*] 

A mixture of imidazole (33 mg) and (10- 
carbomethoxydecyl) dimethylchlorosilane in (1.0 ml) pyridine 
was stirred for 1 hour at room temperature, and sulfo silicon 
di [ (1, 6 -diphenyl) -2-3-naphthalocyanine] diphthalocyanine 
dihydroxide (20 mg) in pyridine (3 ml) was added. After 
stirring the reaction mixture for 16 hours, the pyridine was 
evaporated with a rotary evaporator. The residue was 
triturated with (2 ml) (200 mM) potassium phosphate buffer, 

PH = 7.0 (2 ml) (200mM) and applied to C 18 column 
(equilibrated with (200 mM) potassium phosphate buffer pH = 
7.0) . The column was washed with potassium phosphate buffer 
(60 ml) (200mM) (pH 7.0), water (210 ml), water/MeoH 
[(1:1; (v/v) (40 ml)], and water/MeOH [(1:2; (v/v) (35 ml)]. 

The product was then eluted with 95% methanol, the solvent 
was evaporated with a rotary evaporator. The residue was 
vacuum dried and weighed (8 mg) 

UV-vis (Water) (A ) 6 58, 694, 73 0, 750, (sh) 

UV-vis (Methanol) (A max(nm) ) 650, 690, 726, 746 (sh) . 

IR(KBr) (cm -1 ) 2924,2854,1744. 

Fluorescence (methanol) A max (nm ):752 
Fluorescence (water) A max (nm) : 761 
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Syn-thes is Of S u l f o 12 1 , 2 e , 12 1 . . 12 6 -t ^ t r 9 p h ^n^l^,inaph.U?Q.[b,J..,L- 
7 , 17-dibenzo fq . ql -5,10. 15 , 20-tetraazoporphvrinatol silicon 
bis (7-oct-l-enyldimethylsilyloxide) (abbreviated as: Sulfo 

Silicon di.f (1.6-diphenyl) -2 . 3-naphthalocvaninel 
diphthalocvanine bis (7-oct-l-enyldimethylsilyloxide) 

A mixture of sulfo silicon di [ (1, 6-diphenyl) -2-3- 
naphthalocyanine] diphthalocyanine dihydroxide {10 ml) and 
imidazole (41 mg) in dimethylformamide (2 ml) was stirred at 
room temperature for 10 minutes and 7-oct-l- 

enyldimethylchlorosilane was added. The mixture was stirred 
for 14 hours at room temperature and the solvent was removed 
with a rotary evaporator. The residue was triturated with (2 
ml) (200 mM) potassium phosphate buffer pH = 7.0 and applied 
to a C]_8 column (equilibrated with 200 mM potassium phosphate 
buffer, pH = 7.0) . The column was washed with potassium 
phosphate buffer (40 ml), water (150 ml) and water/ methanol 
(2:1 (v/v) ) . The product was eluted with 95% methanol, and 
the solvent was evaporated with a rotary evaporator. The 
residue was vacuum dried and weighed (9 mg) . 

X H-NMR (500 MHZ, DMSO) 5 -2.8(s,12H), -2.1(m,4H), - 

1.3 (m,4H) , 

-0.23(m,4H), 0.06(m,4H), 0.5(m,4H), 1.3(m,4H), 4.7(m,4H), 

5 . 4 (m, 2H) , 8 . 0 (Ar-H) . 
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Sx a mpl g- 1. 2 . 2 

Synthesis of S.ulfo silicon naphthalocyanine bis( 4- 
aminobutyldimethyl silyloxide 

A mixture of sulfo silicon naphthalocyanine 

dihydroxide triethyl ammonium salt (30 mg) and pyridine was 

stirred at room temperature for 10 minutes, and then N,N- 

Diisopropylethylamine (10 ml) followed by 4- 

aminobutyldimethylmethoxysilane (380 microliters) were added. 
The reaction mixture was heated in an oil bath for 2 hours at 
130*C. After cooling to room temperature the solvent was 
removed with a rotary evaporator and the residue was 
triturated with 200 mM potassium phosphate buffer pH =7.0 (2 

ml) and applied to a C 18 column (1.5x23 cm filled with C 18 to 
7.0 cm height) . The column was washed with 200 mM potassium 
phosphate buffer (40 ml) , water (80 ml) , water/methanol (2:1) 
(40 ml), water/methanol (2:1) (70 ml) , and the major green 
fraction was eluted with water/methanol (1:3) (40 ml). The 

solvent was removed with a rotary evaporator and the residue 
was vacuum dried and weighed (14 mg) . 

IR(KBr) (cm -1 ) 3069, 2964, 1631, 1528, 1362, 1252, 1184, 1091, 
1067, 1035, 844, 798, 761, 728, 691, 615. 

1 H-NMR (500 MHZ, DMSO) 6 -2.5(S,12H), -1.9(m,4H), -1.0(m,4H), 

0.4 (m,4H) , 2.0 (m, 4H) . 


i !Yn.thesis Of Sulfo s ilicon naphthalocyanine his fl 0- 
i-ga_rbomethoxy) d ecvldimethvlsf loyi del 

To a stirred solution of imidazole (109 mg) in 
pyridine (2 ml) was added 10- 

(i-.arbometh.oxy) decyldimethylchlorosilane (513 microliters) , 
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and the mixture stirred for 20 min. at room temperature. 
Sulfo silicon naphthalocyanine dihydroxide (60 mg) (neat) was 
then added followed by pyridine (1 ml) and 10- 
(carbomethoxy) decyldimethylchlorosilane (0.6 ml). The 
reaction mixture was allowed to stir 14 hours, and the 
solvent evaporated with a rotary evaporator. The residue was 
suspended in 40 mM potassium phosphate buffer (pH 7.0) (2 ml) 

and chromatographed on a C 18 column. After washing the 
column with 200 mM potassium phosphate buffer (40 ml) and 
water (300 ml) , the product was eluted with water/methanol 
(1:1) . The solvent was evaporated with a rotary evaporator. 
The residue was vacuum dried and weighed (55 mg) . 

Example 124 

■Synthesis .of sulfo silicon naphthalocyanine bis(3- 

amin.opropyldii.sppropylsilane ). 

A mixture of sulfo silicon napthalocyanine (50 mg) 
and 3-aminopropyldiisopropylethoxysilane (200 ml) in toluene 
(3 ml) is refluxed for 16 hours. The reaction mixture is 
^^■^•owed to cool to room temperature and the solvent is 
evaporated with a rotary evaporator. The residue can be 
purified on a C^g column, with (200 mM) potassium phosphate 
buffer, (pH =7.0) water and 95% methanol. 


A ? . ynthssig o . f — 1 , 4 -dibhenvlnaphthalen e -2.3 - di - carbon i tri le 
In a dry 2L 3 -necked round bottom flask equipped 
with a magnetic stirring bar, dropping funnel, gas inlet tube 
attached to an argon gas cylinder, was placed tetrahydro-1,4- 
diphenyl-l,4-epoxy-napthalene-2, 3-dicarbonitrile (20 g) and 
dry tetrahydrofuran (450 ml) while purging the flask with 
argon gas. The mixture was stirred for 20 minutes. The 
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flask was cooled to -78*C (acetone/dry ice) and Lithium 
bis (trimethylsilyl) - amide (150 ml, 1.0 M THF) was added 
dropwise over 2 hours. The mixture was allowed to stir at 
this temperature, and saturated ammonium chloride (300 ml) 
was added. The mixture was allowed to warm to room 
temperature, and the white solid was filtered off. The 
organic layer of the filtrate was separated. The aqueous 
layer was washed with ether (100 ml) . The combined organic 
layers were dried (magnesium sulfate) . After the magnesium 
sulfate was filtered off, the solvent was evaporated with a 
rotary evaporator, the residue triturated with ether, and the 
solid filtered, dried under vacuum and weighed (17 g.) 

IR(KBr) (cm' 1 ) 3059, 2232, 1608, 1494, 1446, 1400, 1378, 1183, 
1077, 1029, 1001, 931, 796, 783, 757, 706, 681, 657, 620, 

517, 437. 

X H-NMR (500 MHZ, DMSO) 6 7.5(m,4H), 7.6(m,8H), 7.8(m,2H). 

/ 


Example 126 

^ Synthesis . of Sulf o l Si, 2^ lS^ l^-tetraphenvldinaphtho Th. 11 - 
J -q 1 7-<3ikensc> !g<szl -5 r IQ t — 15., 2Q -tetraazooorphvrinatol silicon 
l2l S . rN-gueci nainido) ami nobutyldimethyl silyloxid^ 

A mixture of sulfo silicon di [ (1, 6-diphenyl) -2, 3- 
riapthalocyanine] diphthalocyanine bis (4- 

aminobutyldimethylsilyloxide) (20mg) and succinic anhydride 
(50 mg) in dimethylformamide (4 ml) is refluxed for 2 hours. 
The reaction mixture is allowed to cool to room temperature 
and the solvent is evaporated with a rotary cvaporaLor . Tii<; 
residue can be purified on a C 18 column, with (200mM) 
potassium phosphate buffer, (pH 7.0), water and methanol. 
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ExaTPp 3 r.e-. i az 

Synthesis of Sulf o T2 1 . 2 6 . 12 1 . 12 6 - tetraphenyldinaphtho fb , 1 1 - 
7 . 17-dibenzo fa. ql -5.10. 15. 20 -tetraazoporphyrinato] silicon 
bis r 4 f (acetylthiopropionamido) butyl) dimethylsilvloxidel 
(Abbreviated as: Sulfo Silicon di f ( 1 . 6 -diphenyl ) -2 . 3 - 

na phthalocyanine) diphthalocyanine bis 
( (acetylthiopropionamido) butyl silvloxide) 

A mixture of sulfo silicon di [ (l, 6 -diphenyl) -2,3- 
napthalocyanine] diphthalocyanine bis (4- 
aminobutyldimethylsilyloxide) in dimethylformamide and a 
solution of acetylthioproponic acid and 1,1'- 
Carbonyldiimidazole in dimethylformamide is stirred at room 
temperature for 1 hour. The solvent is evaporated with a 
rotary evaporator. The residue can be purified on a C l(i 
column, with (200 mM) potassium phosphate buffer (pH 7.0) 
water and methanol . 


Example 128 

Synthesis.. of Sulfo (2 1 , 2 6 . 12 1 , 12 6 -tetraphenyldinaohtho fb. 11 - 

Z j 1 . 7-d i b . eng . oig , ql -5,10. 15 . 20-tetraazoporphyrinatol silicon 

bis..f4 f (thiopronionamido) butyl) 

dimethylsilvloxidel (Abbr eviated as: Sulfo silicon di r n . 6- 

^ iiT2he.n.vl) -2 . 3-naphthalocvanin e T diphthalocyanine bis 
iit hioproplonamido) butvl dimethyl silvloxide ) 

A mixture of sulfo silicon di [ (l , 6 -diphenyl -2 , 3 - 
naphthalocyanine] diphthalocyanine bis 

( (acetylthiopropionamido) butyl dimethyl silyloxide) in 50% 
(v/v) aqueous methanol (20 mM) and potassium carbonate at 200 
mM is stirred at room temperature for 20 min. The mixture is 
neutralized to pH 7 with 1 N hydrochloric acid and the 
solvent is evaporated with a rotary evaporator. The residue 
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can be purified on a c 18 column, with (200mM) potassium 
phosphate buffer (pH 7.0), water and methanol. 

fisample. 123 

Preparation of a Conjugate of Sulfonated Hybrid 
Phthalocvanine Derivative and an Antibody 

A monoclonal antibody against human chorionic 
gonadotropin (Calbiochem, San Diego, CA) at 10 mg/ml in 50 mM 
potassium phosphate, 150 mM sodium chloride, pH 7 . 0 , is 
reacted with SMCC (Pierce Chemical Co., Rockford, IL) at 0.6 
mM at room temperature for 1.5 h. The antibody-maleimide is 
purified on a column of Sephadex G-25 equilibrated in 50 mM 
potassium phosphate, 150 mM sodium chloride, pH 7.0. The 
purified antibody-maleimide (2.5 ml) at 5 mg/ml is reacted 
with an excess of sulfo silicon di [ (l, 6-diphenyl-2 , 3 - 
naphthalocyanine] diphthalocyanine bis 

( (thiopropionamido) butyl dimethylsilyloxide) (2.5 ml) at 0.6 
mM at room temperature for 3 h. A solution of N-ethyl 
n^lsittide in water is then added to a final concentration of 
3 mM and the solution is stirred for an additional 30 min. 

The antibody-hybrid phthalocyanine derivative is purified on 
a Sephadex G-25 column equilibrated in 50 mM potassium 

phosphate, 150 mM sodium chloride, 10 mg/ml bovine serum 
albumin, pH 7.0. 

Pr eparation Of a Conjug a te of Sulfonated Hvhr-i H 
Phthalocyanine Derivati ve and a Ligand Analogue 

In one embodiment the ligand analogue is morphine . 
Morphine -HCTL (see U.S. Patent 5,089,391, example 4 , 
incorporated by reference) is hydrolyzed in 0.12 M potassium 
carbonate/40% (v/v) aqueous methanol at 20 mM at room 
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temperature for 5 min. The solution is then adjusted to pH 
7.0 with 1 N hydrochloric acid and diluted to 5 mM with 50 mM 
potassium phosphate, pH 7.0. A homobifunctional cross 
linker, (bis-maleimidohexane, Pierce Chemical Co., Rockford, 
IL) in 50 mM potassium phosphate, pH 7.0, is added to a final 
concentration of 50 mM. The solution is stirred at room 
temperature for 1 h and the morphine -maleimide derivative is 
purified on a reversed phase C 18 column using a linear 
gradient of 50 mM potassium phosphate, pH 7 and methanol. 

The morphine -maleimide solution in 50 mM potassium phosphate, 
pH 7.0, is added to a solution of sulfo silicon di[(l,6- 
diphenyl-2 , 3 -naphthalocyanine] diphthalocyanine bis 
( (thiopropionamido) butyl dimethylsilyloxide) in 50 mM 
potassium phosphate, pH 7.0, so that the final concentrations 
are 10 mM and 2 mM, respectively. The solution is stirred at 
room temperature for 3 h and the sulfonated hybrid 
phthalocyanine -morphine derivative is purified on a reversed 
phase C 1S column using a linear gradient of 10 mM potassium 
phosphate, pH 7.0 and methanol. 


It must be noted that as used herein and in the 
appended claims, the singular forms "a," "and," and "the" 
include plural referents unless the context clearly dictates 
otherwise. Thus, for example, reference to "a formulation" 
includes mixtures of different formulations and reference to 
"the method of treatment" includes reference to equivalent 
steps and methods known to t hose skilled in the art, and so 
forth. 

Unless defined otherwise, all technical and 
scientific terms used herein have the same meaning as 
commonly understood by one of ordinary skill in the art to 
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which this invention belongs. Although any methods and 
materials similar to equivalent to those described herein can 
be used in the practice or testing of the invention, the 
methods and materials are now described. All 
publications mentioned herein are incorporated herein by 
reference to describe and disclose specific information for 
which the reference was cited in connection with. 
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WHAT IS CLAIMED IS : 

1. A water soluble hybrid phthalocyanine 
derivative . 

2. A derivative of claim 1 wherein the derivative 
is silicon [di ( 1 , 6 -diphenyl- 2 , 3 

naphthalocyanine) ] diphthalocyanine bis [poly (ethylene glycol) 
methyl ether] . 

3 . A derivative of claim 1 wherein the derivative 
is silicon [di (1, 6 -diphenyl- 2 ,3- 

naphtha lo cyanine) ] diphthalocyanine bis [poly (ethylene 
glycol) ] . 


4 . A derivative of claim 1 wherein the derivative 
is silicon [di (1, 6 -diphenyl- 2 , 3 -naphthalocyanine) ] 
diphthalocyanine [poly (ethylene glycol) ] [poly (ethylene 
glycol) acetylthiopropionate] . 

^ derivative of claim 1 wherein the derivative 
is silicon [di ( 1 , 6 -diphenyl 2 , 3 -naphthalocyanine) ] di ( 2 , 3 - 
dicarboxyphthalocyanine) dihydroxide . 

6 . A derivative of claim 1 wherein the derivative 
is silicon [di ( 1 , 6 -diphenyl 2 , 3 -naphthalocyanine ) ] di ( 2 , 3 - 
dicarboxyphthalocyanine) bis [poly (ethylene glycol ) methyl 
ether] . 

7. A derivative of claim l wherein the derivative 
is sulfo silicon di [ (i, 6 -diphenyl -2 , 3 -naphthalocyanine] 
diphthalocyanine dihydroxide . 
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8. A derivative of claim 1 wherein the derivative 
is silicon [di (1, 6-diphenyl -2 , 3 -naphthalocyanine) ] 
diphthalocyanine [poly (ethylene glycol) ] [poly (ethylene 
glycol) thiopropionate] . 

9. A derivative of claim 1 wherein the derivative 
is sulfo silicon di [ (1, 6-diphenyl -2 , 3- 
naphthalocyanine] diphthalocyanine [-2- 
butyrothiolactone) ami dome thoxide] hydroxide . 

10. A derivative of claim l wherein the derivative 
is sulfo silicon di [ (1, 6 -diphenyl -2, 3- 
naphthalocyanine] diphthalocyanine [N- 

(cysteine) amidomethoxide] hydroxide . 

11. A derivative of claim 1 wherein the derivative 
is silicon tetra-tert-butylphthalocyanine bis [ ( 4 -aminobutyl) 
dimethylsilyloxide] . 

12. A derivative of claim 1 wherein the derivative 
is sulfo [ 2 1 , 2 s , 12 1 , 12 6 -tetraphenyldinaphtho [b, 1] - 7 , 17 - 

dibenzo [g, q] -5,10, 15, 20-tetraazoporphyrinato] silicon 
dihydroxide . 


13. A derivative of claim l wherein the derivative 
is sulfo [ 2 1 , 2 6 , 12 1 , 12 6 - tetraphenyldinaphtho [b, 1 ] - 7 , 17 - 
dibenzo [g,qj -5, 10, 15 , 20-tetraazoporphyrinato] silicon bis ( 4 - 
Aminobutyldimethylsilyl oxide) . 
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14. A derivative of claim 1 wherein the derivative 
is sulfo [2 1 , 2 6 , 12 1 , 12 6 -tetraphenyldinaphtho [b, 1] - 7 , 17 - 

dibenzo [g, q] -5 , 10 , 15 , 20- tetraazoporphyrinato] silicon bis (3- 

amino-propyldi isopropyl si lyloxide) . 

15 . A derivative of claim 1 wherein the derivative 
is sulfo [ 2 1 , 2 s , 12 1 , 12 s - tetraphenyldinaphtho [b, 1] - 7 , 17 - 
dibenzo[g,q] -5, 10, 15 , 20-tetraazoporphyrinato] silicon bis- 

[ (10-carbomethoxydecyl) dimethyl silyloxide] . 

16. A derivative of claim l wherein the derivative 
is sulfo [ 2 1 , 2 6 , 12 1 , 12 s - tetraphenyldinaphtho [b, 1 ] - 7 , 17 - 
dibenzo[g,q] -5,10, 15, 20-tetraazoporphyrinato] silicon bis (7- 

°c t - 1 - eny ldime t hyl s i lyloxide ) . 

17. A derivative of claim 1 wherein the derivative 
is sulfo silicon naphthalocyanine bis ( 4 -aminobutyldimethyl 
silyloxide) . 

18. A derivative of claim 1 wherein the derivative 
is sulfo silicon naphthalocyanine bis [10- (carbomethoxy) decyl 
dimethyl silyloxide] . 

19. A derivative of claim 1 wherein the derivative 
is sulfo silicon naphthalocyanine bis( 3 - 

s.minopropyldiisopropylsilyloxide) . 


20. A derivative of claim 1 wherein the derivati 

is sulfo [ 2 1 , 2 6 , 12 1 / 12 6 -tetraphenyldinaphtho lb, l]- 7 ,i 7 - 
dibenzo [g, q] -5, io, 15, 20-tetraazoporphyrinato) silicon bJs[N 
succinamido) aminobutyldimethyl silyloxide . 


ive 
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21. A derivative of claim 1 wherein the derivative 
is sulfo [2 1 , 2 s , 12 1 , 12 6 -tetraphenyldinaphtho [b, 1] - 7 , 17 - 
dibenzo [g, q] -5,10, 15 , 20- tetraazoporphyrinato] silicon 

bis [4 [ (acetylthiopropionamido) butyl] dimethylsilyloxide] . 

22 . A derivative of claim 1 wherein the derivative 
is sulfo [2 1 , 2 6 , 12 1 , 12 6 - tetraphenyldinaphtho [b, 1] - 7 , 17 - 
dibenzo [g, q] -5, 10 , 15, 20 -tetraazoporphyrinato] silicon 

bis [4 [ (thiopropionamido) butyl] dimethylsilyloxide] 
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23. A conjugate comprising a sulfonated hybrid 
phthalocyanine derivative and a substituent. 

24. A conjugate of claim 23 wherein the 
substituent is an antibody. 

25. A conjugate of claim 24 wherein the antibody 
specifically binds to human chorionic gonadotropin. 

26. A conjugate of claim 23 wherein the 
substituent is a ligand analogue. 

27. The conjugate of claim 26 wherein the ligand 
analogue is morphine . 
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28. A method for determining the presence or 
amount of at least one target ligand capable of competing 
with a ligand analogue conjugate for binding sites available 
on a ligand receptor, said ligand analogue conjugate 
comprising at least one ligand analogue coupled to a signal 
development element, said signal development element 
comprising a water soluble phthalocyanine derivative, in a 
fluid sample suspected of containing said target ligand 
comprising the steps of: 

a. contacting said fluid sample with said ligand 
analogue conjugate and said ligand receptor to form a 
homogeneous reaction mixture; 

b. detecting bound or unbound ligand analogue 
conjugates in said reaction mixture using said water soluble 
phthalocyanine derivative; and, 

c. relating the detectable signal to the presence 
or amount of said target ligand in said fluid sample. 


29. A method of determining the presence or amount 
of at least one ligand in a fluid sample suspected of 
containing said target ligand comprising the steps of: 

a. contacting said fluid sample with a receptor 
£ ; aid receptor coupled to a signal development element 
comprising a water soluble phthalocyanine derivative, so that 
said receptor specifically binds said target ligand to form a 
homogeneous reaction mixture; 

b. detecting bound receptor in said reaction 
mixture using said water soluble phthalocyanine derivative; 
and. 


c • relating the detectable signal to the presence 
or amount of said target ligand in said fluid sample. 
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Hybrid Phthalocyanine Derivatives And Their Uses 
ABSTRACT OF THE DISCLOSURE 


Water soluble hybrid phthalocyanine derivatives 
useful in competitive and noncompetitive assays immunoassays, 
nucleic acid and assays are disclosed and claimed having (l) 
at least one donor subunit with a desired excitation peak; 
and (2) at least one acceptor subunit with a desired emission 
peak, wherein said derivative (s) is/are capable of 
intramolecular energy transfer from said donor subunit to 
said acceptor subunit. Such derivatives also may contain an 
electron transfer subunit. Axial ligands may be covalently 
bound to the metals contained in the water soluble hybrid 
phthalocyanine derivatives. Ligands, ligand analogues, 
polypeptides, proteins and nucleic acids can be linked to the 
axial ligands of the dyes to form dye conjugates useful in 
immunoassays and nucleic acid assays . 
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Mahaney, Reg. No. 37,668; Charles S. Berkman, Reg. No. 38,077; Anthony C. Chen, Reg. No. 38,673; and Timothy 
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such willful false statements may jeopardize the validity of the application or any patents issuing thereon. 


Full name of sole or first inventor Kenneth F. Buechler 

*r rj t 

(i Cn> • 


inventor's signature 

Residence 

Citizenship 



Date: g / 2> t fa 


12523 Manifesto Place. San Diego. California 92071 


United States of America 


Rost Office Address . 


Full name additional invento r Joseph B. Noar 

Inventor's signature ^7) & ^ 

Residence 324 Via Chica Court. Solana Beach. California 92075 


Date:_ S /-s// <\L, 


(Citizenship 


United States of America 


Rbst Office Address 


Full name additional inventor Lema Tadesse 

Inventor's signature ‘lb ' Date: ^ ^ I 

Residence 8580-8 New Salem Street. San Diego. California 92126 

Citizenship United States of America 

Post Office Address 


SSSD/14011. vOl 



